Meeting Wastewater Discharge Standards by Use of High-Rate Infiltration-Percolation Basins by DeMers, Larry D.
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 
Electronic Theses and Dissertations 
1977 
Meeting Wastewater Discharge Standards by Use of High-Rate 
Infiltration-Percolation Basins 
Larry D. DeMers 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
DeMers, Larry D., "Meeting Wastewater Discharge Standards by Use of High-Rate Infiltration-Percolation 
Basins" (1977). Electronic Theses and Dissertations. 5063. 
https://openprairie.sdstate.edu/etd/5063 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
MEETING WASTEWATER DISCHARGE S TANDARDS BY USE OF 
HIGH-RATE I NF ILTRATION-PERCOLATION BAS INS 
BY 
LARRY D. DeMERS 
A thesis submitted 
in part ia l fulfil lment of the requirements for the 
degree Master of Sc ience , Ma j or in 
Engineering , South Dakota 
State University 
1 9 7 7  
SOUTH DAKOTA STATE UNIVERSITY.LIBRARl'. 
MEET ING WASTEWATER D ISCHARGE S TANDARDS BY USE OF 
HIGH-RATE INF ILTRATION-PERCOLATI ON BASINS 
This thesis is approved as a creditable and independent 
invest igation by a candidate for the degree , Master of 
Sc ience ,  a nd is acceptable for meeting the thesis require­
ments for this degree. Acceptance of this thesis does not 
imp ly that the c onc lusions reached by the candidate are 
necessari ly the c onclusions of the major department. 
Major Adviser Date 
Head , CiVi E�neering Department Date · 
ACKNOWLEDGEMENTS 
The author wishes to extend his sincere gra t itude to 
Dr. James N. Dornbush for the advice and assist ance offered 
during t he c ourse of this investigation and in the 
preparat i on of t h is manuscript . Appre c iation is a lso 
extended to Dr. Dwayne A . . _ Rol lag for his advice i n  the 
preparation of this manuscript . 
The author a lso thanks Mr . T. Alvin B iggar for the 
construct i on and maintenance of mater i a ls used in this study . 
The c oop erat i on of various S. D . S. U. dep artments for the 
services they offered is a lso apprec i ated . 
The c ooperati on of the Brookings Uti l i ti es Dep artment 
and espe c i a l ly Mr. James Nass , Uti li ties Eng ine e r, and 
Mr . Rol and Harrington , Superintendent of Water and 
Wastewate r , was greatly appreciated. 
A spec i a l  thanks is extended to Mrs . Mari lyn Eighmy for 
her assistance in the final typing of this manuscript . 
Apprec iation is a lso extended to John Dickinson , Al Larson , 
Gene Mi l ler a nd Lon Hesla , S ani tary Engineering graduate 
students , for the i r  c ooperation during the operat i on and 
maintenance of the p i lot uni t in 1 9 76 .  
This study was supported by the Uni ted S tates 
Environmental Protection Agency , Grant Number R- 8 0 3 8 0 4 -01 . 
LDD 
TABLE OF CONTENTS 
INTRODUCTI ON . • •  . . . . . . . . . 
LITE RATURE REVIEW . 
So i l  Treatment . • • • • 
Biochemica l Oxygef!. Demand 
Suspended So lids • . . • •  
Ammonia Ni tr·ogen . • • • • • • • • 
Feeal coiiforms • • • � • • • 
Tota l· Di·sso lved So lids .  • 
T·re atmen t Ef.f i c i ency . • • • • • • • • 
P ROJECT DESCRIPTION • • · • 
P roje c t  Con·struction ·in 1 9 7€> .  
Pi lot un·i t op·e·rati·on a·nd Moni toring • 
WATE R  QUALI TY S TANDARDS • • • • • 
Biochemica l· Oxy·gen· Demand • • 
Suspe·nded So i·ids . • • • • 
AnUnon·ia Nitrogen . • • • • 
E.!:!..  • • • • • • • • • • • • • • • 
Feca l· Co l iforms • • • • • • • • • 
Totai Dissolved Solids . • • • . • • • 
·Disso lved Oxyg·en . • • • • • • • • 












. . . . 
. 1 1  
• 1 3  • 1 5  
• 1 8  
• 1 8  • 1 9  
. . . . . . 2 0  
. . . . . 2 1  
. 2 1  
. . . . . 2 2  
. . . . . 2 3  
. . . . • 2 4  
Analytic a l· D a ta • • • • • • 2 4  
QuaTity ·Trends • • • • • • • • • 3 1  
Biochemica l Oxygen Demand and Suspended So l ids .  3 2  
Ammoni a  Nitr·ogen and ·pH • • • • • • • • • • 3 6 
Fecal coii£orms • • • • • • • • • • 3 8  
Spec ifi·c C onductance . • • • • • • • • • • • 3 9 
Basin Mbwi°ng E ffects .  • • • • • • • • • •  � 4 2  
Drain E lbow E.f.fects . • • • 4 3  
Comparison with E £f luent Discharge Standards . _ • 4 4  
Bi ochemic a l  Oxygen Demand • • • • • 4 4  . 
Suspended so·lids . • • • • • • • • 46 
Ammon·ra Nitrogen . • • • • • • • • • • • • • 4 8 
Fec a l  Cbliforms • • . • • • • • • • • • • • 5 0 
pH . • • • • • • • • • • • • • • 5 1  
Drssolved Oxygen . • • • • • 5 1  
complianc·e - 1 97 5  versus 1 9 76 • • • • • • • 5 1 
Hydra·u l i c· Loading· and Ba·sin· Sur f ace· E ffects • • 5 3  
i 
TABLE OF CONTENTS ( continued) 
Page 
SUMMARY AND CONCLUS IONS • • • • 56 
RECOMMENDATI ONS • • • 6 0 
LITERATURE C I TED . . 6 1  
APPENDIX A .  • • • • 6 5  
APPENDIX B .  • • • 7 2  
APPENDIX C .  . • 7 3  
ii 
LIST OF F IGURES 
F igure 
1 Overview of Area Showing Sewage Treatment 
P l ant , Stabi l izati on Ponds , P i lo t  Uni t , 
Page 
and S ix Mile Creek . • • • . • • • • . . • 3 
2 Di agram of Pi lot Infiltrati on- Percolation 
Ba s in s . • • • • • • • . • • • • . • • • • • . 12 
3 BOD5 and S S  Data for Infi ltrati on-
Percolation P i l·ot Uni t  Operation - 1 9 76 • . . 3 3  
4 Ammoni a  Nitrogen and pH Data for 
I nfiltration-Per colation P i lot Uni t  
Operation - 1 9 76 • . • • • • • • • •  3 7  
5 Fecal Col iform Data for Infi ltration­
Perco lation P i lot Uni t  Operation - 1 9 76 • • •  4 0  
6 Spec ific Conductance Data for Infi ltration­
Perco lation P i lot Uni t Operation - 1 9 76 . • •  4 1  
7 Frequency Di s tributi on Graphs I nd i cating 
Percent Samp l e s  Equa l l ing or Exceeding 
S tated BOD5 and SS Concentrations . . . . • .  4 7  
8 Frequency Di stributi on Graphs I nd icating 
Percen t Samp le s  Equal l ing or Exceeding 
S tated Ammonia Ni trogen and Feca l  C o l iform 
Concentrati ons • • • • • • . • • . . • . . . •  4 9  
i i i  
LIST OF TABLES 
Table 
1 Removal E f f i c iency at Sel ected Inf i ltrat i on-
Page 
Percolation S i te s . • • • • • • • • . 10 
2 Loading Rate s ,  Cover Type, and F l ooding 
Volumes, Inf i l tration- Perco la tion P i l o t  
Uni t s  1 9 7 6  • . • • • • • • • • • • • • • 16 
3 Analytic a l  Data for Pi lot Inf i lt ration­
Percolation Ba s ins , May 2 6  - November 2 2 , 
1 9 7 6  . . . . . . . . . . . . . . . . . . 2 6  
4 Proposed Was tewater D i s charge Standards 
for Secondary Treatment - Brooking s , South 
Dakota • • • • • • • • • . • • • • . • • • . 4 5 
5 Compar i s on o f  E f f luent Qual i ty From P i lot 
Ba s in s  to the Propo sed Di s charge Standards 
for Brookings , South Dakota - 19 7 5  and 
1 9 7 6  Re search Per iods . • . . • • • • • • . . 5 2  
iv 
INTRODUCTION 
P rotection and management of the nati on's natural 
resource s ,  a lthough not a recent conc ept , ha s become a 
priori ty policy in the Uni ted State s . The importance of 
water as a natura l  re s ource can be demons t rate d by examining 
stati s ti c s on water use in thi s country . The Water Res ource 
Counc i l  e stimate s that in 1 9 7 5  the Uni te d  State s  used 3 7 0  
bi l l ion gal lons per day . The pro j ected water use in 1 9 8 5 of 
3 5 0  b i l li on gal lons per day ref lects the i ncreas ing u s e  of 
recyc led, tre ated e ff luents and coo ling wate r s  by indus tria l  
water u s er s  and s te am e lectr ic uti l i t i e s  ( 1 ) . 
Two fundamental problems have been a s soc i ated wi th the 
use o f  l arge quant i t i e s  of water -- dep let i on and 
deter ioration in quality . Pre sent advanced wa s tewater 
treatment t echnology. has shown that terti ary treatment of 
wa stewate r c an produce h igh qua l i ty e f fluents, but l arge 
amounts of energy and chemicals mus t  be s a cr i f  i ed . An 
a l ternative to the se costly systems i s  the l and treatment 
sys tem, which uti lize s  the soil  mant le as a multiproce s s  
"living f i lter" ( 2 ) . Infiltration-percolation , a land 
treatment method , c an be used for the rec l amat ion of large 
quanti t i e s  o f  wastewater . The i n f i ltration-percolat ion 
advanced treatment system ha s been inve stigated extens ive ly 
by the Civi l Engineer ing Department at South Dakota State 
Universi ty . 
South Dakota's predominant ly rura l environment make s 
l and tre atment a conducive method of advanced was tewater 
tre atment .  Ini ti a l  investigations that cons idered the· s o i l  
matrix a s  a treatment system began with re s earch conducted 
by Druyves te in ( 3 ) . Examination of water leaking through 
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the bottom o f  the Volga , Mi lbank and Ber e s ford , S outh Dakota 
s tabi l ization pond s resulted in the c onc l u s i on that good 
qua l i ty water c ould be obta ined by pa s s ing s tabi l izati on pond 
e f f luent t hrough the s oi l .  Further stud i e s  us ing soi l 
lys ime te r s  to t reat s tabi l izati on pond e f fluent were 
per formed at Brookings and Madi son , South Dakota . The soi l  
lys imeter s produced a good qua l i ty e f f luent , but infi l tration 
rate s were too low to make the system prac t i c a l  ( 4 , 5 ) . 
After the s e  i niti a l  investigati on s , i t  became apparent 
that i f  sma l l  communi ties were to use land treatment o f  
wastewater t o  mee t  the s tringent e f f luent s t andards imposed 
by P L  9 2 - 5 0 0 ( 6 ) , a p i lot p lant s tudy o f  an i n f i ltration­
percolati on s ystem would be required to demons trate the 
proc es s .  Aided by the City of Brookings and the S outh 
Dakota Water Re source s Institute , the Civ i l  Engineering 
Department at South Dakota State Unive r s i ty began 
cons truc t ion o f  an infi ltration-percolation p i lot uni t in 
1 9 7 4 .  The location o f  the p i lot bas ins wi th respect to the 
Brooking s s ewage treatment p lant and s tabi l ization pond i s  
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Figure 1 .  Overview o f  area showing sewage treatment plant, stabilization pond s ,  
pilot unit, and Six-Uile Cre ek { 9) . w 
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began i n  19 7 5  wi th a�ditiona l funding by the Environmenta l  
Protecti on Agency . The initial re search per i od resulted in 
the pub l i cati on o f  three Master o f  Science the s e s  ( 7 , 8 , 9 ) . 
Voogt ( 7 )  di s cu s s ed the construction procedure s o f  the p i lot 
uni t  a l ong wi th in f i ltration and hydraul i c  charac teri stic s . 
Qual ity of t he renovated water and the abi l i ty o f  the system 
to meet e f fluent requirements were obj ective s  of Al s aker (8). 
The abi l i ty of the infi ltration-perco lat i on system to 
funct i on in northern c l imate s during winte r  months was 
s tudied by Mi l ler ( 9 )  . 
Examinati on of the pi lot uni t  operat i on in 19 7 5  
re sulted i n  p ro j ect c hange s that were i ncorporated in 19 7 6 .  
Water qual i ty obj e ctive s  s imi lar to those o f  Al s aker were 
the area of inter e s t  of the author dur ing the 19 7 6  
inves t i gati on per iod . The obj ective s  of thi s  por t i on o f  
the s tudy were to determine the following : 
1 .  the abi l i ty o f  the inf i ltration - percolat i on 
p i lot uni t  to meet stringent e f f luent qua l i ty 
s tandards in terms of biochemi c a l  oxygen 
demand , suspended solids , ammoni a  n itrogen , 
fec a l  c o l i forms and pH , and 
2 .  the effectivene s s of  the proj ect change s made 
in 1 9 7 6  to improve the qua l i ty of the p i lot 
p lant e f f luent . 
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LITERATURE REVIEW 
The in f i ltrati on-percolation method o f  land treatment 
invo lve s the control led spreading of  wastewater onto the 
land at a rate mea s ure in feet per week . The applied 
wastewater in f i ltrate s the s o i l  surface and perco l ate s 
through the s o i l  pore s ( 2 , 10 ) . The obj ective o f  an 
infi ltration-perco lation system can usua l ly be c ited a s  one 
o f  the following : ( a ) groundwater recharge , ( b )  natura l  
treatment fol lowed by pumped withdrawal o r  unde rdrains for 
recovery o r , ( c ) natural treatment with renovated water 
moving verti c a l ly and laterally in the soi l and recharging 
a s ur face water- course ( 1 1 ) . 
The treatment- unit , so i l ,  i s  a mixture of mineral 
partic le s ,  organic materia l , air and wate r . The pore space 
occupied by air or water may be as much as 50 percent o f  the 
total vol ume , and the pathway o f  movement through the s e  
pore s  i s  a maz e  o f  varying s i zed channe l s  ( 12 ) . A s  the 
wastewater i n f i ltrates the s o i l  s urface and perco l ate s 
through the s o i l  pore s , various phys ica l , chemica l and 
biologi c a l  mec hani sms inherent in the system remove the 
pol lutant s . 
s·o·i ·1· Treatment 
The land treatment approach to wa s tewater treatment 
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regards nature a s  a comp lex of sy stems whi ch mus t  be taken 
into account i f  the wastewater treatment is to be a succ e s s . 
In thi s view ,  the land i s  not mere ly a dumping s i te , i t  i s  a 
matrix o f  s evera l di fferent p roce s ses which , i f  appro�ched 
proper ly , may p rovide an ultimate pur i f icati on sy s tem for 
was tewater ( 1 3 ) . 
Bi ochemical Oxy·gen Demand . The pre s ence o f  oxygen­
demanding organi c  matter in wastewater i s  indicated by the 
biochemi c a l  oxygen demand (BOD ) . BOD is removed from 
wastewater by a c ombination of  physical and biologi c a l  
proce s s e s  occurring in the soi l . The s o i l  act s  a s  an 
e ffective f i lter in removing particulate matter ,  where the 
maj or remova l occurs in the upper 5 to 6 inche s . Phys ical 
remova l c an also occur by adsorpti on o f  the di s s o lved 
organ i c  c ompounds . The BOD physica l ly removed i s  readi ly 
converted by soi l organi sms to carbon d i oxide , water , and 
other inorganic s ubs tance s under aerobic cond i tions ( 14 , 15 ) .  
To ma inta in the se aerobic conditions in an i n f i l tration­
percolation s ys tem , a res t  period of at le a s t  5 0  percent o f  
the tota l t ime should b e  al lowed for year- round ope ra t i ons 
wi th a minimum of severa l  days between app l i cations ( 1 6 ) . 
After i n f i l trati on has c ea sed , the potenti a l  for reaeration 
o f the active b i ologica l zone at the s o i l  surface i s  
in f luenced by the uns aturated depth . A minimllin criti c a l  
depth o f  un s aturated zone exi sts s omewhere be tween 2 and 4 
feet ( 16 , 17 ) . 
The BOD remova l e fficiency o f  the s o i l  can be affected 
by the amount of  vegetative cover and the i n f i ltrat ive 
c apac ity . Anything that adds sur face are a  at the soi l -air 
interfac e wi l l  i ncrease biological decompos i t i on capacity 
whethe r  i t  be l i tter or living plant s . At very high rate s 
o f  was tewater i n f i ltration , re s idence time o f  the dissolved 
o r  p articulate BOD may not be great enough for comp lete 
biologica l  decompos ition to occur and a s i z able frac t i on of 
undecompo sed BOD may reach the groundwater ( 14 ) . 
S u sp ended So lids . The maj or mechani sm for the removal 
of s uspended s o l ids ( S S )  is f i ltration at the soi l  surf ace . 
High concentrations o f  some solids may coat the soi l 
sur face to the e xtent that infi ltration rate s are reduced .  
Provid ing a r e s t  per iod between app lication s  a l lows organic 
material to dry and oxidi ze , thus restoring i n f i ltration 
r ate s .  I f  mineral suspended solids are app li ed , per i odic 
ti l l ing o f  the soil may be nece s s ary ( 1 6 ) . 
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Alga e  growth in stabi l i z ation ponds can c ontr i bute 
si gni f icant ly to the SS  concentration of the pond e ffl uent . 
The u s e  o f  holding ponds prior to infi ltrati on at Heme t ,  
Cal i fornia resulted i n  a tenfold increa se in S S  concentration 
due to heavy a lgae growth ( 1 0 ) . Chlore l la , an a l gae species 
wi th a 3 to s micron diameter , can be di f f ic u l t  to remove 
i n f i l tration systems because of i ts sma l l  s i z e . 
Exper iment a l  r e sults involving the use o f  stabi l i z ati on 
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pond e f f luent for groundwater recharge at Te l Avi v ,  I sr a e l  
show t h e  pre sence o f  algae in the water a fter moving 8 meters 
through dune s and . Further te sting at the 2 5 -meter leve l 
reve aled the absence o f  a lgae cel ls . The ma j or removal 
mechan i sm in the s o i l  for small algae ce l l s  i s  ads orpt ion 
onto charged s o i l  parti c les ( 1 8 , 1 9 ) . 
Ammonia Ni trogen . Natural chemic a l  and biologica l 
reactions in s o i l s  can be used to remove ni trogen from 
wa stewater .  Reactions can be divided into two group s: 
( a )  removal o f  n i trogen from the soil  system and (b ) s torage 
of nitrogen in the s oi l .  Nitrogen may be immobi l i zed in 
the s o i l  by adsorption of the ammonium i on ( NH4
+ ) on the 
soi l  c at i on exchange s ites , fixation by c l ay minera ls , 
adsorption by o rganic matter and incorporat i on into microbial 
t i s sue . N i tr i fi cation occur s in the soi l by the bio logi c a l  
oxidation o f  ammonium ,  f irst t o  the nitrite , then to the 
nitrate form . Ni trogen can be trans ferred from the s o i l  
t o  the a tmosphere i n  the gaseous form b y  den i tr i f i cation , 
volati l i z ation o f  ammonia , and chemodenitr i fication . 
Ni trogen incorporated into vegetation i s  removed when the 
crop is harve sted . Denitri fication is the only reaction 
capable o f  removing most o f  the ni trogen app l i ed at rate s 
characte r i stic o f  the infi ltration-percolation system ( 2 , 2 0 ) . 
Feca'l C o l i forms . The greate s t  remova l o f  bac teria­
occurs at the top surface ma t (2 to 6 mi l l imeters ) .  Removal 
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i s  l arge ly accomp l i s hed by mechanical s training at the soi l 
surface and s edimentation o f  bacte r i a l  c l u s te r s .  Adsorption 
can a l so be a factor in the remova l  of bacte r i a  by soi l ( 2 1 ) . 
Although mos t  organi sms are removed in the sha l low fi lm of 
soil at the s urfac e , s everal feet o f  soi l appear ne ce s sary 
for nea r  c omp lete remova l of  bacte ria ( 14 , 2 2 ) . 
Tota l  Di s s o lved S o l ids . The fate of tota l di s solved 
solids appl ied to the land i s  usua l ly the surfac e water 
through underdrainage or the groundwater through percolating 
soi l water . The s o i l  has l itt le c apac i ty to ret ain mos t  
soluble s a l t s  commonly found in treated was tewater .  
Evaporation from ba s in sur face s or evapotransp ir a t i on due 
to heavy p lant growth on basins could cause an i ncrease in 
total d i s solved s o l ids o f  the renovated water ( 2 2 , 23 ) . A 
drop in s o l ut i on pH , due t� carbon dioxide p roduc tion by 
s o i l  organi sms , can result in the di s soluti on of mine r a l s  
and s ubsequently increase the total d i s s o lved s o l id s  ( 2 4 ) . 
Tre·atment Eff·i c i ency 
Pound and Cri te s  ( 2 5 )  reviewed s e lected inf i ltration-
percolat i on ins t a l lations , and their s ummary on treatment 
e ffic i enc i e s  appear s in Table 1. Cons i stent ly good remova l s  
o f BOD and ss a r e  evident among the se lected s i te s .  In the 
two instance s  where S S  removal s appear , corresponding BOD 
remova l s  are s l ightly l e s s  than the S S  remova l s . Total 
nitrogen remova l varies from 0 percent at Whi tti e r  Narrows 
to 8 0  percent at F l ushing Meadows . The high remova l o f  
nitrogen a t  F lushing Meadows i s  mainly the result of  
bi ologica l den i tr i f ication . At Whi tt ier Nar rows , however , 
short f requent loading lead to exce l l ent ni tri f i c ation but 
e ssent i a l ly no den i tr i f ication , and there fore , no ni trogen 
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removal .  Genera l ly ,  enteric coli forms are a lmo s t  comp lete ly 
removed in t he s oi l .  
TABLE 1 
REMOVAL EFFICIENCY AT SELECTED 




Flush ing Meadows , 
Arizona 
Hyperi on , 
Ca l i forn i a  
Lake George , 
New York 
Santee ,  
Cal i forn i a  
We stby , 
Wi sconsin 
Whi ttier Narrows , 
Ca l i forn i a  
aLateral f low . 
( f t )  
3 0  
7 
10 
2 0 0a 
3 
8 
Remova l E f f i c iency 
(%) 
BOD SS  N 
9 8  10 0 3 0 - 8 0  
9 0  
9 6  10 0 4 3- 5 1  
8 8  5 0  
8 8  7 0  
ob 
E . Col i  
10 0 
9 8  
9 9 . 3  
9 9  
QC 
bshort f requent l oading promotes nitri f icati on
 but not· 
deni tri f ic ati on . 
cco l i forms regrow in the soi l .  
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PROJECT DESCRIPTION 
The wastewater treatment s cheme for the C ity o f  
Brooking s con s i s ts o f  grit remova l ,  primary c l ari f i cati on , 
high- rate trickling f i l trat ion and addi tiona l s tabi li z ation 
through a two-cel l poli shing pond . The d i s charge from the 
s tabilizati on ponds serves as the inf luent for the 
in filtration- percolation p i lot uni t  shown in F igure 2 .  
Diverted s tabil i zation pond effluent f lowed by gravi ty 
through 8- inch irrigation p ipe to the research s i te ,  where 
a va lving system a llowed f low to the d i s tr ibuti on system or 
to Six Mi le Creek . Individual f looding o f  e ach bas in was 
accomp li shed by a 6 - inch irrigation dis tributi on p ipe 
comp lete wi th value s and f low meter . The individua l ba s ins 
were s urrounded by 3- foot- high earth dikes s e a led with 
p lastic to prevent leak ing and to def ine the bas in area . 
Dur ing ini t i a l  cons truction of the pi lot uni t  the s outh 
and north bas in s were s cari fied, whi le the middle bas in 
was left wi th t he original brome-a l fa l fa cover . The a lfalfa 
in the middle bas in died during the winter following the 1 9 7 5 
inve s t igation period . 
A c ollection system composed of 4- inch perforated 
plastic drain i s  bur ied approximately 30 inches below the 
ground sur face in the middle of each ba s in . A perime ter 
drain a l so f o l lows the east and south s i des of the p i lot 
Six-Mile 
Creek 
Thiee foot earth dikes sealed with sheet plastic 
.-------------------------------------------· ' 
I 
Area 7100 sq. ft. I l 
I 
I 






North Basin scarified 
Area 7900 sq. ft. 
Middle Basin brome grass 
Area 6500 sq. ft. 
South Basin scarified 
-- --- - -------- ....J 
;' . - - - - --------- -- -- � 






--- x x - x - x )( x >< -
Figure 2 .  Diagram of pilot infiltration-percolation basins (9). � N 
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uni t for drainage of this area . A layer of s and and gravel 
around the drains a l lowed the renovated water to enter 
withou� p lugging the perforations . As the water entered the 
col lection s y s tem , it f lowed by gravity to a s amp li ng box 
located out s i de the bas in s . Sump- pumps in the s amp ling box 
d i scharged the renovated water to S i x  Mi le Creek . 
Add i tional research equipment at the p i lot uni t  
i nc luded s tage recorders i n  each ba sin t o  determine 
infi ltrati on rates , p iezometers and wel l s  surrounding the 
ba s ins to eva luate the groundwater response and porous cup 
s ampler s buried a t  various depths in the bas in s  to 
investigate n i trogen and pho sphorus remova l s . 
Pro j ect Con·s truction in 19 7 6  
A l s aker ( 8) s tated that lower treatment eff i cienc ies 
than those reported in the literature s ugges ted pos s ib le 
short c ircuit ing of the ba sin influent to the dra i n s  during 
1 97 5 .  The f ir s t  f looding of the infi ltration-perco lation 
uni t s  i n  1 9 7 6  occurred on Apri l 6 .  High concentration s  of 
algae appeared in the basin effluent , and regul ar floodings 
were d i scontinued unti l the p lanned remedi a l  meas ures could 
be taken to end the short c ircuiting . 
During May sever al step s were taken to improve the 
qual ity o f  the renovated water . Deep vegetative roots �n 
the north and s outh bas ins , thought to be a · contri butory 
327585 
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factor to s hort c ircuiting , were removed from the bas i n  
surfaces . A frost ripper , ch i se l  and rote- ti l ler used in 
the north and s outh ba s ins di sturbed the soi l  to an 
approximate combi ned depth of  1 8  inche s . The s e  measures 
a s sured a we l l  mixed upper strata and bas in s ur f ac e s  free 
from p lant growth . 
To further prevent short circui ting dire c t ly over the 
drain s , a l arge t ractor-mounted compactor t amped the s o i l  
over the approximated location of  the drain line s , leavi ng 
1 4  
a depre s s i on 4 t o  6 inches deep . Width s o f  3 feet av.er the 
north and s outh drains and 1 foot over the middle drai n  were 
compacted . A c lay-fi l l  material placed in the comp action 
depres s i on s  r e sulted in a semi- impervious layer over the 
dra in s . Compaction of the c lay layer with a mechani c a l  
hand tamper fina l i zed the preparatory work o n  the ba s i n  
surfaces . 
Deter iorating effluent qua lity during the latter part 
o f 1 9 7 5  was thought to be related to the ins tal la t i on o f  
sump-pumps i n  the s ample box ( 8) .  After the ins t a l lat i on 
of the s ump-pump s and the subs equent free flow f rom the 
drain s , the per co lation rate into the dra i n s  may have 
increased , c aus ing the formation of low channe l s . Thi s 
increa sed flow rate meant les s detention time in the s o i l , 
and cons equent l y , le s s  treatment of the percolating water . 
To counter thi s trend , e lbows were placed on the drains in 
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the s ample box . The resulting s ubmergence approximated the 
condition o f  t he drains prior to the addi tion o f  s ump-pump s . 
After twelve flooding periods , the elbows were removed 
before the August 1 7  flooding so that any changes i n  eff luent 
qua l i ty c ould be noted . 
Pi lot Un i t  Operati on and Monitoring 
The fir s t  regular f looding of the infiltration­
perco lation b a s i n s  occurred on May 2 6 .  A regular s c hedule 
of 1 day flooding followed by 6 day s  rest c ontinued through 
November . 
Tab le 2 d i sp lays the loading rates app l ied to the 
individual b a s ins during th i s  investigation per iod . The 
floodi ng s equence c ons i sted o f  flooding the s outh bas in 
wi th 2 4  i nches fol lowed by the middle bas i n  with 2 4  inches 
and the north ba sin with 18 inches . The selec t i on of these 
loading rates and cover types permitted inqu i ry i nto the 
effec t  o f  hydrau l i c  loading and ba s in c over on e f f luent 
qua l ity . 
Three to f ive grab s amp les o f  the bas in influent 
( s tabi l i z ation pond e f f luent) and north, middle , s o uth and 
perimeter drain e f fluents were taken dur i ng the f looding 
and drainage periods . Col lec tion o f  three influent s amples 
proceeded during f looding , while s amp ling of the renovated 
water c ontinued during the time the drains flowed 
( approximately 2 4  hours} . 
TABLE 2 
LOAD ING RATES , COVER TYPE , AND FLOODING VOLUMES 
INF ILTRATI ON-PERCOLATION P I LOT UNI TS 1 9 7 6  
Loading Rate * 
1 6  
Ba s i n  Cover Type ( inches/week) Gal lons App lied * 
North Scarified 18  7 9 , 740 
Middle Brome Gras s  24 1 1 8 , 7 0 0  
South Scari fied 24 9 6 , 9 0 0  
* The loading vo lumes were monitored u s ing a Badger magnetic 
flow meter 
Co l lect i on of water samples for fec a l  co liform analy s i s  
fol lowed a s imi lar pat tern wi th the exception o f  the inf l uent 
samp le . One day o f  s torage of the inf luent s amples c o l lected 
during the day o f  f l ooding resulted in low bacterial 
counts . The s torage period be fore analy sis a l lowed high 
concentrations of p roto zoa in the samp les to feed on 
bacteria; consequently , fecal coli form samp les of the influent 
were t aken the day a fter f looding . 
Continued weekly f looding of the ba sins with the 
nutrient-rich influent created a lush p lant growth on a l l  
ba sins . The presence o f  plant growth o n  the b a s i n s  during 
winter operations could be a hindrance to the formati on of 
floating ice covers thought neces s ary for cold-we ather 
flooding ( 9) . During the week prior to the September 1 5  
f looding , the bas ins were mowed and the growth w
as par tial ly 
removed .  
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To a l low the formation of a floating i ce cover on the 
bas in s , i t  was thought that a longer flooding per i od would 
be required. Consequently , beginning on November 2 1  a 
2- day flooding per iod wi th app l ication every 2 week s began . 
The increa sed gal lons applied to the bas ins eventual ly 
resulted in an i ce cover formation , but the longer drying 
per i od between floodings caused the s oi l to freeze and 
infi l trat ion r ates dec rea sed to negligible amoun t s . The 
only data o btained from the new flooding schedule were on 
November 2 1- 2 2 .  
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WATER QUALITY STANDARDS 
Wi th the enactment o f  PL 92- 5 0 0  mun i c ipali ties have 
been i s sued permi ts for the d i scharge o f  treated ef f luents 
into navigable water s . These d i scharge permi t s  requi re a 
certain qua l i ty e f f luent described by var i ous phys i c a l , 
chemic a l  and b iological parameter s .  The importance o f  the 
water qua l i ty p arameter s involved in thi s  investi gation and 
their method o f  analy s i s  in the laboratory are di s c us sed 
in the fol lowing section s . 
Bi ochemic a l  Oxygen Demand 
Sawyer and McCarty ( 2 6 ) define biochemic a l  oxygen 
demand ( BOD ) a s  "the amount of oxygen required by bac teria 
while s t abi l i z ing decompos ible organic matter under aerobic 
conditions" . The most widely used method for estimati ng 
the organic p o l l ution load of wastewater i s  the 5 - day BOD 
test . E f ficient bi ological degradation o f  organic mater i a l s  
requires d i s s o lved oxygen , and a n  over load of  was tewater i n  
receiving waters can result i n  oxygen dep letion and 
secondary e f fects such as obj ectionable odor s, p lant and 
animal deaths , and general ly decrea sed rates of biological 
degradation ( 2 7 ) .  
A method o f  BOD analys i s  s imi lar to the meth
od des cribed 
in Sta·ndard Methods for the Examination o f  Water and 
Wa stewater { 2 8) wa s used in the laboratory. The procedure 
c on s i s ted o f  making s erial di luti ons o f  the s amp le and 
using the s tandard 5- day incubation per iod and 2 0°c 
incubati on temperature. 
Suspended Sol ids 
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The suspended s o lids {SS ) of  a water s ample i s  that 
material retained on a standard gla s s- fiber f i lter after 
drying at 103-lOS0c { 2 6) .  The compos ition and concentration 
of  S S  in s ur f  ace water are important because o f  their ef fects 
on l ight penetrati on , temperature , s olubi l ity produc t s  and 
aquat i c  l i fe .  The mechanical or abras ive ac tion o f  
parti culate materi a l  i s  of  importance t o  the higher aquatic 
organ i sms , such a s  mus sels and fi sh. Blanket i ng o f  p lants 
and ses s i le anima l s  wi th sediment as wel l  as the blanketing 
of important habi tats , such a s  spawning s i tes , can cause 
dra sti c  c hange i n  aquatic eco systems. I f  s edimentation , 
even o f  i nert p arti cles , cover s s ubs tant i a l  amount s of  
organi c mater i a l ,  anaerobi c conditions can occur and p roduce 
noxious gases and other obj ectionable character i sti c s , s uch 
as low d i s so lved oxygen and decrea ses in pH {2 7 ) . 
The method o f  SS analy s i s  de s cr ibed in Standard Methods 
was used in the laboratory. The prepared gla s s- fiber 
fi lter s  were weighed on a Mettler ba lance prior to f i l ter ing 
and a fter drying to constant temperature. 
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Ammonia Nitrogen 
Nitrogen , in various forms , can dep lete dis s o lved 
oxygen leve l s  in receiving water s ,  s timulate aquatic growth , 
exhibit toxicity towards aquatic life , a f fect chlorine 
disinfec tion e fficiency , present a public he a l th ha z ard 
and af fect the s uitability of wa stewater for reuse {29). 
When ammonia is present in water , un- ionized anunonia 
( NH3 ) e xis t s  in equilibrium with the ammonium ion (NH4
+ ) 
and the hydroxide ion (OH- ) .  The principa l  toxicity 
problem is from the un-ionized ammonia form . I t  appears 
that f is h  are the c ritical organisms when e s tablishing 
in- s tream limitations .  A slight increa se in pH may cause 
a great increas e  in toxicity as the NH 4
+ is trans formed 
to NH3 . Factors which may increa se ammonia toxicity at a 
given pH inc lude : ( a ) lower concentrations of dis s o lved 
oxygen and carbon dioxide , (b ) elevated temperature and 
(c ) bicarbonate a lkalinity (29). Willingham ( 3 0 )  re lated 
the pH and temperature of the water to the fraction of NH3 
pre sen t. Re s e arch c onducted on fish toxicity s howed that 
the highe s t  c oncentration of un-ionized anunonia which 
apparent ly wil l  not cause any adverse e f fects is 0.0 2 mg/l 
( 3 0 ) • 
Dickins on ( 3 1 ) performed the laboratory analy sis
 o f  
ammonia nitrogen using a Technicon Auto Ana ly z er
. The 
me thod o f  ana lysis for the te st is described 
in Technicon 
Auto Analyz·e r· Methodo logy (32) · 
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Addidtions o f  e i ther acids or alka l i e s  to water may be 
harmful not only for produc ing acid or alka l ine conditions, 
but a l so by increa s ing the toxi city of various component s 
in the wate r . A j oint s tudy conducted by the Academy of 
Science and the Academy of Engineering re corrunends that for 
protection of the mos t  sensit ive organi sms the pH should not 
be l e s s  than 6 . 5  nor more than 8 . 5 .  There should a l s o  be 
no change greater than 0 . 5 pH units above the e s t imated 
natural s e asonal maximum , nor be low the e s t imated natural 
seasonal minimum ( 2 7) .  
De termina tions of pH were made on in f luent and 
renovated water s amples using a F i s her pH meter . The pH 
meter was s tandardi zed wi th 6 . 8 6  buf fer at 2 5
°c be fore 
monitoring the s amp le s .  
F'e·c a·1 Co l·i·f·o·rms 
Col i form bacteria have been used as indicators of 
s anitary qua l i ty in water s ince 18 8 0  when Escheri cia coli 
and s imi lar gram negative bacteria were shown to be norma l 
inhabi tant s  of f ecal discharge s .  Any occurrence of
 fecal 
coliforrns in water i s, therefore, prime evidence 
of 
contamination by was tes of some warm-blooded an
ima l s, and 
as the fec a l  col i form den s i ties increase, pote
nt i a l  heal th 
ha zards become greater and the challenge t
o water trea tment 
more demanding ( 2 7 ) . 
The membrane filter technique was used by He s la (3 3) 
for the determination of fecal col i forms in the inf luent 
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and renovated water s ample s .  Serial dilution s  were made of 
the s ampl e s , and the procedure followed S tandard Methods . 
Total Dis solved So lids 
Total dis so lved solids ( TDS ) i s  a genera l term us ed in 
de scribing the concentration of  dis so lved mater i a l s  in water . 
Typica l  cons tituents o f  tota l dis solved s o lids in natural 
surface wate rs inc lude carbonates , sul fate s , c hloride s ,  
phosphate s and nitrate s .  The se anions occur in combination 
with s uch metal lic cations as calcium , s odium , potas sium , 
magne sium and iron to form ioniz able s a l t s  (27). A ma j or 
change in quantity or compos i tion of tota l dis so lved so lids 
a lter s the structure and function of aquatic ecosys tems . 
Such change s are dif ficult to predi ct . 
The e f fect of s alinity , or tota l dis so lved so lids , on 
the o smo tic pre s sure of soil solut ions is one of the mos t  
important water quality considerations (27) . Crops vary 
considerably in thei r  tolerance to soi l  s a linity in the 
root z one ,  and the factors affecting the s oil s olution and 
crop tolerance are varied and complex . 
Although e f f luent discharge standards se ldom exi s t  for 
total dis so lved solids , it is an important parameter to 
moni' t h ' d  
· the end-use of  the renovated wate r. or w en con s i  ering 
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Laboratory ana ly s i s  for TDS wa s not performed, but speci fi c  
conductance readings on the b a s i n  inf luent and e f fl uent were 
taken. Spe c i f i c  conduc tance i s  frequently used i n  water 
analys i s  to obt a in a rapid es timate of TDS (26 ). Thi s 
method re late s to the ability of s a lt s  in solution to 
conduct a c urrent and re sults are e xpre s sed a s  mi cromhos 
per c entimete r  ( µmhos/crn) at 2s0c (27) . 
Di s solved Oxygen 
Any reduction of d i s solved oxygen (DO) in water can 
reduce the e f f iciency of oxygen uptake by aqua t i c  anima l s  
and hence reduce the i r  abi lity to meet demands of the ir 
environment. There i s  evident ly no concentrat ion leve l or 
percentage of s aturat ion to which the oxygen content of 
natural water s c an be reduced wi thout caus ing or r i sking 
some adver s e  e f fects on the reproduction , growth, and 
consequently, the produc tion of f ishes inhab i ting thos e 
waters. The s e l ection of the leve l of protection i s  a 
soc ioeconomic deci s ion , not a biologica l one (27) · 
Mea surement of d i s solved oxygen of the renovated water 
occurred only once during the inve stigation. The a zi de 
modificat ion of the Winkler Method de scr ibed i n  Standard 
Methods wa s u s ed in the laboratory. 
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EVALUATION OF RENOVATED WATER QUALI TY 
Evaluation o f  the data from the 1976 infiltration­
percolation pilot s tudy i s  approached in four dif ferent 
section s . Se c tion one di scusses the analytica l  data 
obtained from the study in terms of  maximum , minimum , median 
and mean value s. Treatment e f ficiencie s with re spect to 
BOD5 , S S , ammonia nitrogen and fecal coliform remova l are 
a l so examined . Graphs that compare the f looding data to 
the various p arameter value s of  the inf luent and e ff luent 
obtained for that date appear in the second s e c tion. In 
thi s c a se ,  t rends that appear during the inve s tigation are 
discu s s ed. The ability of the renovated water to meet 
e f f luent dis charge standards is covered in the third section 
by use o f  f requency di stribution graphs. The las t  s ec tion 
deal s with the stati stical analyses conducted to interpret 
the re su l t s  c oncerning bas in cover type and hydraul i c  
loading e f fe c t s  o n  water quality . 
Analytic al Data 
The quality of the renovated water from the 
infi ltration-perco lation p i lot unit appeared quite good 
from visual obs ervation of s amples taken during th
e 
inve stigation . The pi lot uni t e f fluent wa s conti
nua l ly 
free from odor and usual ly low in turbidi ty ,  ex
cept for 
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the period when a lgae appeared in the renovated water .  A 
comp lete s e t  of data for each of  the flooding period s  
appear s in Appendix A, and a s ummary o f  thi s  data is s hown 
in Tab le 3 .  
The mean influent BOD5 concentration o f  2 3 . 9  mil ligrams 
per liter (mg/ l )  decreased to 4 . 3, 5 . 1 and 1 . 8 in the 
north, middle and s outh e f fluents respective ly . The se 
reductions repre s ent treatment eff iciencie s ranging from 
7 9  to 9 2  percent, which compare s closely to tho se reported 
in the literature (1 0, 14, 2 5 ) . The 19 7 6  data a l s o  s howed 
improved
.
BOD5 reduction s when compared to the 6 3  to 7 7  
percent treatment efficiencie s of 19 7 5 .  The re sults 
indicate that the best removals occurred in the s outh basin, 
while remova l s  in the middle and north basins existed at a 
somewhat l ower level . 
The pilot ba sins proved very e f fective in the remova l 
of  S S  from the pilot p lant inf luent . The SS  of the inf luent 
( stabiliz ation pond e f f luent ) , consis ting large ly of a lgae 
and d aphnia, had a mean concentration of 3 8 . 3 mg/l during 
the inve s t�gation .  Since a certain amount of S S  c an a l s o  
contribute to BOD 5, i t  foll
ows that the removal s  o f  both 
would be simila r  for the pilot basins . The s outh basin, 
achieving the best ss remova l, had a mean concentration of 
2 . 3 mg/l in the e f f luent, which re sulted in a 9 4  perc
ent 
treatment e f ficiency . The north and midd le ba sins
, were 
TABLE 3 
ANALYTICAL DATA FOR 
PILOT INFILTRATION-PERCOLATION BASINS 
BROOKINGS, SOUTH DAKOTA 
May 26 - November 22, 1976 
Number of 
Floodings Concentration - mg/l 
Determination Evaluated Max. Min. Median Mean 
BODS 
Influent 27 
N-Eff luent 27 
M-Effluent 27 
S-Eff luent 27 




M-Ef fluent 27 
S-Effluent 27 
Perimeter Drain 19 
Ammonia Nitrogen 
Influent 26 
N-Ef fluent 27 
M-Effluent 26 
S-Effluent 27 
Perimeter Drain 21 














S-Ef fluent 20 


























Specific Conductance (µmhos/cm) 
Influent 23 1994 
N-Effluent 23 2176 
M-Ef fluent 23 2236 
S-Effluent 23 2371 



















































































































Fecal coliform results are geometric mea
n values of three to five 
grab samples obtained during the floodin
g period. 
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not a s  profic ient in removing SS , having treatment 
effic iencie s  of 9 0  and 8 5  percent respective ly . Almos t  
complete removal o f  S S  by land treatment systems i s  
reported ( 1 0 , 1 4 , 2 5 ) , but method and depth of  s ampling 
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can a ffect the results. Al though s ome short circuiting 
may have occurred during the inves tigation , comparison with 
the 1 9 7 5  treatment efficiencies o f  7 8  to 8 7  percent 
indic ate s that the incidence of short circuiting wa s much 
l e s s. 
The mean inf luent ammonia nitrogen concentration of 
7.30 mg/l was reduced to 1.4 1  mg/l by the north ba sin, 
1.4 6  mg/l by the middle and 0.6 5 mg/l by the s outh. 
Treatment e fficiencies of 8 0  to 9 1  percent demonstrate 
improved ammonia reductions over the 6 6  to 7 8  percent range 
obtained in 1 9 7 5. Treatment by the north and middle basins 
appears to be s imilar ,  while the average e ffluent ammonia 
leve l  of the s outh basin wa s le s s  than ha l f  the level o f  
the other e ffluents. Re search conducted by Dickins on (31) 
on the nitrogen transformations that occur at the 
infiltration-percolation pilot unit reveal s  that a ma j or 
portion of the nitrogen applied wa s converted to nitra te s 
in the effluent by nitrification. Although limited removal 
of total nitro gen takes p lace ,  the removal mechanisms are 
not completely understood at the pilot unit . 
Since by de finition pH value s are logarithmic fun
ctions , 
2 8  
the median va lue s  for the influent and renovated water 
appear i n  Table 3. The median pH o f  8.3 0 for the influent 
decrea sed by approximate ly one uni t  in the renovated water. 
Med i an e ff luent pH leve l s  ranged from 7.2 0 to 7.3 4 .  A 
maj or cause for the pH drop in the soi l -treated water 
re late s to the reacti on with carbon dioxide produced f rom 
the aerobi c decomposi tion of organic matter ( 2 4 ) .  pH and 
temperature monitoring are important when dea l ing wi th 
ammonia n i trogen toxicity ( 3 0 ) . Temperature data were not 
col l ec ted during thi s study ; further research s hould inc lude 
moni toring o f  thi s parameter. 
Average fecal coli form concentrati ons for the 
inve s t igation peri od are presented by geometr i c  means due 
to the nature o f  bacteriological te s ting. The pi lot unit 
in f luent had a geometr ic mean concentration of  19 8 0  
organi sms per 1 0 0 mi l l i l iters (organi sms/ l O Oml ) .  Thi s  leve l 
dec l ined to 1 6 8 organ i sms/ l O Oml in the north e f f luen t , 
resulting in a 9 2  percent treatment e f fic iency ; 2 15 
organ i sms/ l O Oml in the middle e f fluent , re sulting i n  an 
8 9  percent e f f ic iency ; and 4 7  organi sms/ l O Oml in the s outh 
ef fluent ,  resulting in a 98 percent e f fic iency. The e f f luent 
feca l c o li fo rm c oncentrations are s l ightly higher than tho se 
reported in the l i terature , but for complete �emova l to 
take place , l onger trave l di stance and detention t
ime i n  
the s oi l may b e  nece s sary ( 1 4 , 2 2 ) . During the 1 9
7 5  
2 9  
inve st igation low remova l e f ficiencies and severa l e ffluent 
concentration s larger than in f luent concentration s caused 
A l s aker ( 8 ) to que s tion the re sult s from that p ortion of 
the study . The mo s t  probable number (MPN ) method of 
determining fecal c oliforms was used in 1 9 7 5 .  
S ince total dis so lved solids is most readily eva l uated 
by determining the e lectrical conductivity of a s olut i on 
(2 7 ) , s pecific c onductance measurement s  o f  the inf luen t  and 
renovated water we re obtained during the s tudy . The 
average s pecific c onductance for the inf luent during the 
inve s t igation of 1 7 8 9  micromhos per centimeter ( µrnho s/cm) 
increased to leve l s  of 2 0 3 3 , 1 9 10 and 2 1 6 3  µmhos/cm for 
the north, middle and south e f f luents respective ly . The se 
value s corre s pond to 12 . 0 , 6 . 3 and 17 . 3  percent increases  
in specific c onductance by the ba sin e f f luen t s . Specific 
conductance readings for the inf luent and e f f luent during 
19 7 6 were s li ghtly higher than tho se reported during 1 9 7 5 .  
Exten s ive plant growth on the ba sin surfac e s  during 1 9 7 6 
probably c ontributed to high evapotranspiration rate s and 
subsequent concentrated TDS leve ls in the renovated water 
(2 2 , 2 3 ) . Ano ther possible contributing factor to increa sed 
TDS would be the pH drop in the renovated water, which 
could re s ult in mineral dis solution ( 2 4 ) . 
Re gu lar monitoring of dis solved oxygen (DO
)  leve l s  of 
the not made dur1'ng the infiltration-rec laimed water wa s 
percolation s tudy. Te sting for e f f luent DO concentration s 
occurred during the October 2 7  flooding . Prior to this 
date the e lbows had been removed ; consequently, the drains 
were f lowing partial ly full at the time of s amp ling. The 
me thod of s ampling involved acquiring duplicate s ample s 
fro� the basin drain lines , while taking car e  to avoid air 
entrainment in the dissolv.ed oxygen bottles. The north , 
middle and south e ff luents showed DO leve l s  of 2 . 2 0 ,  7 . 7 5 
and 2 . 5 5 mg/l re s pective ly. Sampling in 1 9 7 5  when the 
drain lines were comp lete ly inundated reve a l ed DO leve l s  
be low 1 mg/l in a l l  c a se s. The flow condition in the 
corregated drain s together with the tile gradient may have 
contributed to air entrainment in the renovated water 
during the Oc tober 27 testing. Be fore meaningful 
conc lusions c an be made concerning DO concentrations in 
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the renovated wate r , more extensive DO monitoring s hould be 
conducted . It is  anticipated that the percolate would be 
too low in DO to meet the discharge standards the maj ority 
of the time. Knowledge concerning oxygen solubility a l so 
require s that tempe rature data be taken at the time of 
s amp ling. 
Qua lity data in Table 3 demonstrate that the south 
ba sin continua l ly achieved better removal s  tha
n the north 
and midd le ba sin s .  Removal e f ficiency of pol
lutants in the 
soil can be a f fected by infiltration capac
ity ( 1 4 )  · Mean 
infiltration r ate s of the ba sins for 1 9 7 6  we re reported by 
Lar son ( 3 4 ) . The south basin had the lowes t  infiltration 
rate of 0.45 inche s /hour fol lowed by the north with 0.5 7  
inc he s/hour and the middle with 1 . 3 4 inche s /hour. Lower 
infiltration rate s contribute to longer detention time s in 
3 1  
the soil, which a l low the physica l ,  chemica l  and biologica l  
treatment mechanisms to bette r treat the wa ste water . Larson 
hypothe sized that differences in soil type rather than 
hydraulic loading accounted for the differenc e s  in the 
infil tration rate s in the north and south basin s .  
Dis simil arity between basin soils would al so contribute to 
differen c e s  in renovated water quality . 
Wa ter s amp le s  col lected from the perimeter drain 
revea led an e xtreme ly good quality water. Water qua lity 
from the perimete r drain may have been influenced by 
groundwater dilution , but applied wa stewater a l so had a 
longer detention time and trave l distance before entering 
the drain. The e xc e l lent water quality from the perimeter 
drain s ugge s t s  that the location of drains for renovated 
water collection c an greatly influence the quality of the 
water obtained . 
Quality Trends 
The Brooking s s tabiliz ation pond effluent s er
ve s a s  
the influent for the infiltration-percolation 
pilot unit . 
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The quantity o f  po l lutant s discharged in this e f f luent varie s 
throughout the year , depending on the remova l e f ficiency of  
the wa stewater t reatment plant, seasona l temperature change s ,  
pond detention time , pond fauna and flora and other unde fined 
factor s . This changing in fluen t  concentration re sulted in 
a varying s trength waste being applied to the ba sin s  during 
each flooding . 
Qua lity parameter value s of the pilo t -plant inf luent 
and e ffluent f rom wee kly f loodings reve a l  various trends 
when plotted for the e ntire research period . Figure s were 
p lotted to graphica l ly represent the s e  inf luent and e ffluent 
qua lity t rend s . Trend s in influent qua lity and an in-de pth 
discus sion on renovated water variation s appears in the 
fo l lowing six s ections : { a )  biochemica l  oxygen demand and 
suspended s olids, { b )  ammonia nitrogen and pH, (c ) fe c a l 
coliforms, (d) s pecific conductance , { e )  basin mowing 
e ffec t s  and ( f )  drain e lbow e f fects . 
Biochemical Oxygen Demand and Suspended Solids . Qua lity 
trends for BODS and S S  appear in 
Figure 3 .  I n f luent BOD5 
concentra tion s  ranged from 4 . 6 mg/l to 5 8 . 6  mg/l during the 
May 2 6 through November 2 2  re search period . Higher BOD5 
leve l s  appeared in the early summer and fa l l  seas on s . A 
similar range in influent ss leve ls during the inve s tigation 
showed a s pread in va lue s from 15 . 8  to 7 1 . 0 mg/l, with 
consistently high leve l s  appearing in October . 
SS in the 
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in f luent c ons i s ted large ly of  algae , inc luding Chlore l la 
and S cenede smus s pec ie s , and daphnia ( 3 1 ) . 
3 4  
The s outh in f i ltration-percolation ba s i n  proved the mos t  
e f fect ive i n  removing BOD 5 . With the excepti on o f  the July 6 
value , BOD5 l eve l s  in the south e f fl uent remained at or be low 
3 mg/l for the ent i re inve s ti gation . Be fore July 1 3 , BOD 5 
concentration s  i n  the north and middle e f fluents were 
e s sent i a l ly equivalent and remained s lightly higher than 
tho se of the s outh ba s in. Almost complete removal occurred 
by the three basins from mid-July through early September. 
Although the in f luent BOD 5 leve l s  usua l ly remained low 
during t his period , renovated water did not s eem to be 
a f fe c ted by the occa siona lly high in f luent conc entration s .  
A s udden change i n  e f f luent quality appeared betwe en the 
Septembe r 8 and 1 5 f looding , the week the basin s ur face s we re 
mowed. After thi s  date BOD5 leve l s  in the renovated water 
existed at a s lightly higher leve l unti l the l a s t  f looding. 
The middl e  basin seemed to be mo st affected f o l lowe d by 
the north and s outh re spective ly .  
In a manner s imi lar to BOD 5 remova l ,  the s outh ba sin 
proved the mo s t  re liable for SS treatment. With the 
exception of the s tart-up period , differences in e f f luent 
qua lity in terms of s s  are di fficult to determine be fore 
S ) After this date , de fin i te trends eptember 1 5 ( Figure 3 . 
1· n ss the best treatment achieved by the south qua lity showed 
3 5 
ba sin fol l owe d by the north and middle respective ly. During 
the period of higher S S  in the renovated water, high S S  
leve l s  a l so appeared in the basin influent. High 
concentrations of f ilimentous a lgae noted in the influent 
on Augus t  3 apparently affected the renovated-water S S  
s light ly. Corre lation coefficients, which mea s ure the 
s trength of the linear re�ationship be twe en two variabl e s  
(3 5) , we re ca lculated for influent and effluent S S  leve l s. 
Highly significant coefficients for all three basin s  indicate 
that influent S S  leve l s  affect the renovated water leve ls. 
Corre lation c oefficient computations can be found in the 
Appendix B .  
Al though s hort circuiting could have be en taking place 
to s ome extent in the north and middle ba sins, other factor s 
may a l so have contributed to the higher S S  in the effluent. 
Obs ervations indicated that a lgae pre sent in the renovated 
water c ontributed to the SS  leve l s. Some specie s of a lgae , 
such a s  Ch lo re l la, may be difficult to remove because of 
their extr eme ly sma l l  size . Studie s conducted in I s ra e l 
with the s preading of s tabilization pond effluent on s and 
dune s showed that a lgae moved 8 meters through the s and, but 
that c omplete removal of algae did occur before filtration 
through 25 meter s. since the ma j or remova l mec hani
sm for 
algae of this size is by adsorption onto charged 
partic les, 
pre se nc e  of a l gae in the renovated water may 
not nece s sarily 
indicate s hort circuiting ( 1 8 , 19 ) · 
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Ammonia Nitrogen and pH . Figure 4 shows that higher 
ammonia nitrogen leve l s  appeared in the inf luent prior to 
July 2 0  and a fter October 13 . Value s ranged from· 0 . 8 5 mg/l 
on Augus t  10  to 1 8 . 7 6 mg/l on November 2 1 .  Al s aker (8 ) 
reported an inver se re lationship betwe en suspended so lids 
and ammonia nitrogen leve l s  due to a lgae cons uming anunonia 
as food, but this trend was not apparent in 1 9 7 6 . In f l uent 
pH leve l s , ranging from 7 . 8 0 to 9 . 16 ,  s howed two peak s 
during the inve s tigation (Figure 4 ) . One peak occ urred 
around July 2 7  fol lowed by the second around October 6 .  High 
pH l eve l s  in the s tabilization pond were probab ly due to the 
a lgae utilizing c arbon dioxide in their photosynthetic 
activity (2 6 ) . 
Ammonia nitrogen levels in the south basin e f f luent 
remained be low 1 mg/l throughout the 6 -month period with 
minor exception, thus giving the south basin the be s t  
overal l anunonia nitrogen treatment o f  the three basins . 
From the period between July 6 and September 1 5  anunonia 
leve l s in the renovated water remained quite low, with the 
middle b a sin usual ly giving better treatment than the north . 
Apparent dif ference s in renovated water qua lity from the 
different ba sin s appeared in the period prior to July an
d 
after Septembe r .  In the May/June period the middle
 basin 
effluent had l ower ammonia leve l s  than the north
, but during 
the Octobe r/Novembe r period the north e f fluen
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• 
leve l s  than the middle. P lant utilization of ammonia 
could have be en a contributing remova l  mec hanism in the 
middle basin during the fir s t  period , but not during the 
second due to the mowing of the ba sins. 
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Trends in Figure 4 a l so show a re lations hip betwe en 
inf luent and e f fluent ammonia nitrogen leve l s .  Corre lation 
coe fficient s computed to te st the re lationship of inf l uent 
ammonia l eve l s  to basin e f fluent level s  show a highly 
significant relationship for the north and middle e f fluent , 
but no c orre l ation with the south e f f luent (Appendix B). 
The se re s ul t s  sugge s t  that short circuiting could have be en 
occurring in the north and middle ba sins . 
Ammonia nitrogen toxicity in water is re l ated to 
severa l  factor s inc luding pH leve l s. The infiltration­
perco lation s ys tem appears to act as an equa lization 
mechanism for pH s tabilization. Renovated-water pH val ue s  
we re s lightly above 7 and extreme changes we re not apparent 
during the s tudy. The pH of the ba sin e f fluents followed 
a similar pattern until Augus t  when the pH from the middle 
ba sin be gan to deviate from that of the north and s outh. 
Infl uent pH l eve l s  may have had some influence on the 
renovated water pH leve l s  during the fall season. 
Feca l  co li£orms . Re liable fecal co liform data for the 
in fluent be gan with the August 17 flooding. Leve l
s  prior 
to t his date we re low because the proto zoa utili
zed the 
3 9  
c o l i form bac te r i a  a s  a food source during the s torage of 
s amp l e s prior to analys i s . The trend o f  the in f luent fecal 
c o l i form l eve l s  s hows a gradual increase through September 
and October fol lowed by a s light decre ase in November 
( Fi gure 5 ) . Geometric mean concentrati on s  varying from 12 9 
to 1 4 , 4 2 0  organi sms / l O Oml were appl i ed to the i nf i l trati on­
percolation bas ins . 
Geometr ic means for fecal coli form concentrations in 
the s outh e f f luent , a lthough qui te var i able , u s ua l ly 
remained be low 1 0 0  organi sms/lO Oml . The north and middle 
ba s ins , not achieving a s  e fficient removal s  a s  the s outh , 
appeared to be more a ffected by the inf luent concentrations . 
Highly s i gni f icant corre lation coe f fi c i ents for the north 
and middle basins a l s o  suggested thi s inf luenc e . 
Spec i fic Conductance . Spec i fic conductance value s of 
the stab i l i z at i on pond eff luent ( inf luent ) duri ng the 
re search proj ect varied from the low of 1 5 1 8  µmhos /cm to 
the high of 1 9 9 4  µmhos/cm (Figure 6 ). Spe c i f i c  conductance 
readi ng s  f rom July 2 0  thr�ugh August 10 do not appe ar on the 
graph due to ins trumental error in analys i s . 
Spec i f i c  c onductance readings for the bas in e f f luents 
were simi lar during the initial period of the inve stigation , 
but a gradual s pread in values deve loped late r . The
 large s t 
incre a se i n  s pec i f ic conductance occurred in the s
outh 
e ff luent fo l lowed by the north and middle ef f l
uent s  
en e H 0 4-4 
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re spectively . The amount of change i n  spec i f i c  c onductance 
for a certain basin i s  probably a f fected by the i n f i ltrati on 
rate s .  Lowe r  in f i ltration rate s allow l onger soi l det enti on 
t ime s ,  and con sequently , more di s soluti on of mine r a l s . 
During the latter part of the fall s e a son the spe c i fi c  
conductance l eve l s  of the middle bas in approached tho s e  o f  
the ba s i n  inf luent , whi le simi lar trends f o r  the north and 
south e f f luent s were not as apparent . During the 1 9 7 5  s tudy 
spec i f i c  c onductance leve ls of the e ffluents approached tho se 
of the inf l uent , indicating a pos s ible reduct i on in 
leaching of s al t s  from the soi l  ( 8 ) . Spe c i f i c  conduct ance 
trends in the fall of 1 9 7 6  may be attributed to reduced 
evapotransp irat i on rate s characteri stic of the fal l  
season ( 3 4 ) . 
Ba s in Mowing Ef fects . The graphs showing trends i n  
BOD5 and S S  c oncentrations o f  the renovated
 water ( F i gure 3 )  
indicate a change i n  quality between the Septembe r 8 and 1 5  
flooding . Dur ing thi s  week the extens ive growth o n  a l l  
basi n s  w a s  mowed and parti al ly removed . Afte r mowing o f  the 
bas ins occurred , renovated water quality deter iorated and 
a lgae appeared in the e f fluent . 
The mowed b a s in growth , a lmost comp lete ly remov
ed i n  
the s outh bas in ,  wa s left on the north and middle 
bas i n  
surface s .  Thi s o ld growth created an organic m
at on the 
north and middle ba sin s ur faces . The presen
ce of thi s  
.. 
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organ i c  mat could have re sulted in two condi t i on s : 
( a )  the o rganic decompo s ition o f  the mat exceeded the 
a s s imi lation capac i ty of  soil microorgani sms and ( b )  reduced 
aeration through the soil profile re sul ted in le s s  oxidation 
capac i ty ( 2 , 1 4 ) . Both of these condit ions could have 
a f fected BOD5 and SS  removals in the ba sins . Comp lete 
r emoval o f  o ld p lant growth after mowing , or burning of the 
p lant growth during the late fa ll , could have e l iminated 
the organic matting conditions . 
Other factors could have contributed to the deteriorating 
BOD5 and SS qua l i ty during this time . High leve l s  of these 
pol lutan t s  in t he inf luent during thi s per iod may have caused 
s hort c ircui ting . The fal l season i s  a l s o  characte r i s tic of 
l owe r  air temperature s ,  whi ch would contr i bute to decreased 
microbi o logica l  activity in the so i l . Cons equent ly , although 
the weekly data would sugge st that mowing o f  the ba s ins 
inf luenced the remova l e f f icienc ie s  of EOD5 and S S , the se 
othe r factor s  that changed about the same time p revent a 
de f in i te c onc lus ion . 
Drain El bow E f fects . The p lacement o f  e lbows on the 
dra in l ine s in the s ample box al lowed the drains to be 
comp lete ly inundated . I t wa s thought that the inundated 
drain s decre a sed the ve loci ty of the perco lating wat
er in 
the vic in i ty of the drains ; consequent ly , improv
ing 
e ff lpent qual ity . The remova l of the se e lbows
 be twe en the 
.. 
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Augus t  1 0  and 1 7  f loodings did not appear to a f fect the 
renovated water quality ( Figures 3 ,  4 ,  5 ) . Although water 
qua l ity c hange s be came apparent later on , the s e  c hange s could 
not nece s s ar i ly be attributed to the e lbow remova l . 
Compar i s on wi th "Ef f luent Di scharge Standards 
The Federal Water Poi lution Control Act requires that 
secondary treatment and/or compl iance wi th s tate water 
qua l i ty s t andards sha l l  be attained by a l l  pub l i cly owned 
treatment works by July 1 ,  1 9 7 7  ( 6 ) . In order to dete rmine 
the c on s i s tency with which the e f fluent f rom the inf i ltrati on-
perco lation p i lot bas ins could have met e f f l ue nt di s charge 
s tandards , frequency di stribution graph s we re comp i led for 
BOD
5
, S S , ammoni a ni trogen and fecal coli forms . The frequency 
di s tribution graphs reveal the percent of time tha t  spec i f i c  
va lue s  o f  the se parameters were equal led o r  exceeded during 
the i nve s ti gation . Given an e f fluent di s charge s tandard , the 
amount o f  t ime that standard was vio lated by the e f f luent o f  
the p i lot ba s i ns could be determined . 
The e ff luent quality s tandards from the p ropos ed 
di scharge permit for the City of Brooking s appear in Table 4 .  
The s e standard s  wi ll be used in the fo llowing sections a s  an 
1 
· the abi' l 1' ty of  the pi lot ba sins  to me et examp e to determine 
stringent di s charge requi rements . 
Biochemical Oxygen Demand . The frequency di
s tribution 
graph for BODs value s obtained 
during the study i s  shown in 
-
TABLE 4 
P ROPOSED WASTEWATER DIS CHARGE S TANDARDS 
FOR SE CONDARY TREATMENT l 
BROOKINGS , SOUTH DAKOTA 
Parameter 
BODS - mg/ l  
S S  - mg/ l 
Fecal Co l i form - #/lO Oml 
Ammonia Ni trogen - mg/l 
D i s so lved Oxygen - mg/l 
3 0- Consecutive 
Day Per iod 
g a  
7 -Con secutive 
Day Per1: od 
l . ld (Maximum ) 
6 . 4d (Minimum ) 
4 5  
p H  - uni t s  Sha l l  rema in between 
6 . 3 and 9 . od 
aThi s  l imi tati on shall  be determined by the arithmetic mea� 
of a min imum o f  three ( 3 )  consecutive s amp l e s  taken on 
separate wee k s  in a 3 0 -day period . 
bThi s  l imitat ion s ha l l  be determined by the arithmeti c  me an 
o f  a minimum o f  three ( 3 )  consecutive samp l e s  t aken on 
separate day s  in a 7-day period . 
cFeca l c o l i form value s sha l l  not exceed a geometric mean o f  
1 0 0 0  o rgan i sms per 1 0 0  ml in any five ( 5 )  conse cutive grab 
s amp l e s  t aken on separate days in a 3 0 -day period , nor sha l l  
any grab s amp le exceed 2 0 0 0  organi sms per 1 0 0 ml . 
dAny s ingle ana ly s i s  and/or measurement beyond th
i s 
l imitat i on s ha l l  be cons idered a vio lation of
 the 
c ondi ti on s  of the permit .  
1
NPDES permit # SD 00 2 3 3 8 8  for the City o f
 Brookings , South 
Dakota . 
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Figure 7 .  BOD5 concentrat ions are locate d on the left axi s ,  
wh ile the percent of  samples equa l l ing or exceeding the 
stated BOD5 c oncentrat ion can be read o f f  the bottom axi s . 
The e f f luent dra ining from the s outh bas i n  s e ldom exceeded 
a BOD5 l eve l o f  3 mg/l . The north and middle , be ing s imi lar 
to each other in concentrations , se ldom exceeded 1 0  mg/l . 
The abi l i ty o f  an eff luent to meet the standards shown 
in Table 4 for BOD5 , SS  and fecal co li forms i s  determined by 
averaging a minimum of three values over a s e lected t ime 
per iod . When u s ing the cons tructed frequency graph s to 
determine p i l ot unit violations of standards , it s hould be 
remembe red that the s tandard can be exceeded by individua l  
s amp le s , s ince the average o f  three consecut ive val ue s  may 
fal l be low the standard . The 8 mg/l month ly BOD 5 s tandard , 
exceeded by 9 4  percent of the inf luent sample s ,  was 
violated 1 3  percent by the north e f fluent , 2 2  percent by the 
middle and 2 . percent by the south during the inve s tigation . 
The in f luent was in non- compliance wi th the weekly 12 mg/l 
standard 8 8  percent o f  the time , but the renovated water 
continual ly me t the weekly standard . Minor problems 
encountered i n  mee ting the month ly standard occurred during 
the spring and fall  seasons . 
Su spended So lids . Figure 7 reveal s that the maj ority 
o f the ss value s from the south basin were le s s  than 5 mg/l , 
Whi l� the north value s usually stayed be low 1 0  mg/l 
and the 
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middle be low 1 4  mg/l . The Brookings S S  s t andard cons i sts 
of a monthly 30 mg/l average and a we ekly 4 5 mg/ l average . 
Whi le the monthly and we ekly SS  s tandards wer e  vi ol ated 
4 8  
6 2  and 3 8  percent respectively by the inf luent , the 
renovated water never exceeded the SS  s t andards . The 
hi ghe r S S  leve l s  observed in the renovated water during the 
latter p art of the study caused no probl em in mee ting SS 
s tand ards for Brookings . 
Ammonia Nitrogen . The frequency d i s tr i bution for 
ammoni a n itrogen data collected during the 1 9 7 6  s tudy i s  
s hown i n  Fi gure 8 .  The maj ority o f  ammonia ni trogen leve l s  
from the s outh b a s in remained be low 1 mg/ l . For the north 
e f fluent the mos t  common leve l s  remained be low 3 . 0 mg/ l and 
the middle e f f luent remained be low 2 . 0  mg/ l  wi th minor 
exception . The proposed 1 . 1 mg/l ammoni a  ni trogen standard 
for Brookings was violated by 98 percent of the s amp l e s  of 
the basi n  i n f luent and by 5 4 ,  4 5 , and 1 3  percent o f  the 
north , middle and south effluent sample s respe ct ive ly . The 
standard wa s violated for the most part in the late spring 
and fal l sea sons ( Figure 4 ) . 
The infi l tration-perco lation treatment s y s tem , which 
produced an e f fluent of near neutral pH and reduced 
temperature , c ould bene fit from ammonia s tandards ba
sed 
on the un- ioni zed fraction of ammoni a ni troge
n (NH 3 ) .  
Inve stigat ion s into f i sh toxicity show that 
the highe s t  
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concentration o f  un- ioni zed ammoni a  whi ch apparently wi ll 
not c ause any adverse e f fects i s  0 . 02 mg/ l  ( 3 0 ) . Us ing a 
temperature o f  2 0°c and a pH of 7 . 4 for the renovated water , 
the c oncentration o f  ammonia (NH4
+ + NH 3 ) wh i ch contained 
an un- i on i zed ammoni a  concentration of  0 . 0 2 mg/ l  i s  
approximate ly 2 mg/l ( 3 0 ) . The frequency di s tributi on graph 
shows the 2 mg/ l  value be ing exceeded by 8 5  percent of the 
inf luent s amp le s , 2 8  percent of  the north , 2 4  percent of  the 
middle and 0 percent of the south . 
Fecal Co li forms . All fecal coli form concentration s  o f  
samp l e s  taken during f looding per iods , as  contrasted with 
geometric mean concentrations , are p lotted in the frequency 
d i s tributi on graph shown in Fi gure 8 .  The mos t  common fecal 
c o l i form value s in the south e f f luent remained be low 
6 0 0  o rgani sms / l O Oml . Re sults for the north e f f luent s how 
the leve l s  s taying be low 2 0 0 0  organi sms/l O Oml for a l l  
practic a l  p urpose s and the middle e f f luent va lues usua l ly 
remained be low 5 0 0 0  organi sms/ l O Oml . 
The Brookings proposed standard s tate s tha t  no grab 
sample sha l l  exceed 2 0 0 0 organi sms per 1 0 0 ml . Viol ation 
of  the fecal coli form standard occurred in 6 3  percent of 
the i n f luent s amp le s  and in 1 1 ,  2 3 ,  and 2 percent by the 
north ,  midd le and s outh s amples re spective ly . Better 
removal s  c ould probably be achi eved by the ba s ins b
y 
a l lowing longer detention time and longer trave
l di s tances 
i n  the s o i l , a s  would o · th d ccur w1 groun water recharge by 
the e f f luent ( 1 4 , 2 2 ) . 
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pH . pH leve ls o f  the renovated water during the 
infiltration-perco lation study ranged from 6 . 9 0 to 7 . 6 1 .  
The near neutral value s obta ined fall within the range for 
maximum p rote ction de termined by the Nationa l Academy of 
Sc ience and the Nationa l Academy of Engineering ( 2 7 ) . 
According to the proposed Brookings pH s tandard , the pH 
s ha l l  remain between 6 . 3 and 9 . 0 .  Renovated water leve l s  
never vio lated the proposed p H  range whi le the inf luent 
s amp le s  violated the upper l imit (pH of  9 .  O )  · about 
12 percent of the time . 
Di s so lved Oxygen . The dissolved oxygen mea surements 
of renovated water taken on October 27 sugge s t  that s ome 
method o f  aeration wi ll be required to mee t  mos t  d i s charge 
s tandards ,  s uc h  a s  the proposed Brookings minimum leve l of 
6 . 4 rng/l . An aeration mechani sm , depending on the leve l of 
di s solved oxygen to be attained , wi ll  probab ly be required 
prior to d i scharge to a stream . 
Comp lia·nce - ·1 97 5  versus 1 9 7 6 . The data shown i n  
Table 5 characteri ze the abi lity o f  the in f i ltrati on­
percol at ion unit to meet stringent di scharge requirements .  
Dur i�g 1 9 7 6 ·the south ba sin produced an e f f luent capable 
o f s ati s fying s tandards proposed for the City o f
 Brook ings 
except for no . The north and middle bas ins encountered 
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TABLE 5 
COMPARISON OF EFFLUENT QUALITY FROM P I LOT BAS INS 
TO THE P ROPOSED DI SCHARGE STANDARDS FOR 
BROOKINGS , SOUTH DAKOTA 
( 1 9 7 5  and 19 7 6  research periods ) 
Limiting 
Standard Percent Weekly Samp le s  Meeting Standard 
Parameter (mg/l ) Inf luent North Middl e  South 
-tc -tc -tc -tc L() \.0 L() \.0 L() \.0 L() \.0 [' [' [' [' [' [' [' [' °' °' °' °' O'\ O'\ O'\ O'\ .-I .-I .-I .-I .-I .-I ,..-f ,..-f 
BOD5 8 0 6 4 5  8 7  3 0  7 8  7 5  9 8  
1 2  7 12  8 0  1 0 0  6 9  1 0 0  9 0  10 0 
S S  3 0  2 9  3 8  1 0 0  1 0 0  9 3  1 0 0  1 0 0  1 0 0  
4 5  4 8  6 2  1 0 0  10 0 1 0 0  1 0 0 1 0 0  1 0 0  
Ammon i a  
Ni trogen 1 . 1 2 2 2 9  4 6  2 9  5 5  3 9  8 7  
( 2 . 0 ) * * 1 6  1 5  4 5  7 2  3 9  7 6  5 5  9 7  
pH 
( uni t s ) 6 . 3 - 9 . 0 8 8  1 0 0  1 0 0  1 0 0  
Feca l 
Col i f  orms 2 0 0 0  5 4  3 7  6 8  8 9  6 3  7 7  8 1  9 8  
( #/ lO Oml ) 
D i ss o lved 
( inadequate data for evaluati on ) Oxygen 6 . 4 
*From r e search data col lected by Alsaker ( 8 )  • 
* * . d . Not inc lu ed in 
South Dakota . 
proposed di scharge permi t for Brook ing s , 
minor problems with the BOD5 and feca l  c o l i form s t andards , 
whi le the stringent ammonia-ni trogen s tandard posed a more 
serious problem . The se discharge requirements were not 
met in 1 9 7 5 wi th the exception of SS  and probably pH . 
Mea s ures taken in 1 9 7 6  to reduce the previous year ' s  
s hort- c ir cui ting p roblem ,  appear to have improved the 
renovated wate r quality . The abi l i ty o f  the p i lot bas ins 
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to meet the p roposed standards improved in 1 9 7 6  wi th re spect 
to BOD5 , ammoni a  ni trogen and fec a l  coli forms . 
Conc lus i on s  drawn in 19 7 5  a s sumed that a t  the pre s ent 
mode of operation , the pi lot-plant e f f luent wou ld not meet 
proposed d i s s o lved oxygen level s  and s imi lar conc lus ions 
were a l so drawn in 1 9 7 6 . Whi le qua l ity data from the 
per imeter drain were not col lected in 1 9 7 5 , analyses  of the 
1 9 7 6  data revea led that the per imeter eff luent was capable 
of s at i s fying a l l  dis charge requirements ,  with the 
excepti on of d i s s o lved oxygen . 
Hydraulic Loading and Ba s in Surface Effects 
D i f ferences in basin surface cover and hydraul i c  
loading were e stab l i s hed i n  the s tudy t o  determine i f  water 
qual ity would be a ltered . us ing the 1 9 7 5  da ta , Al s aker ( 8 ) , 
by use o f  a paired t- te s t ,  confirmed that the highe
r 
hydraul i c  loading and s cari fied ba s in cover of th
e s outh 
ba sin produced a bette r qua lity e f fluent . T
he paired t-te s t  
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i s  used t o  determine whether there i s  a rea l  di f ference in 
the re spons e s  to two treatment s or , alternati ve ly , whether 
the obs erved d i f ference i s  sma l l  enough to be attr ibuted to 
c hance ( 3 5 ) . 
The s ame method of s tati stical ana lys i s  performed on 
the 1 9 7 5  data was per formed on the 1 9 7 6  data . Comp ar i s on of 
the e f f luent o f  the south ba s in , which rece ived 24  inche s ' 
to the e ff luent o f  the north ba sin , which re ce ived 1 8  inche s , 
showed the s outh e f fluent qua l i ty in terms o f  BOD 5 , S S  and 
ammon i a  n itrogen removals to be better at the 0 . 0 1 leve l 
o f  s i gn i f ic ance . Ef f luent from the middle bas in wi th the 
undi s turbed s ur f ace when compared to the s outh e f f luent 
with the initial s cari f ied surface revealed the s outh 
e f f luent a l s o  be tter at the 0 . 0 1  leve l of s i gni fi c ance . 
The paired t - te s t  computations used for the s tati s t i ca l  
compar i s on o f  the basin e f f luents can b e  found in 
Appendi x  c .  
Al though the initial intent of the s t ati s t i ca l  
ana lysi s wa s to determine whether hydrau l i c  load and/or 
ba s in surface a ffected renovated water qua l i ty , i t  i s  the 
opin ion of the author that qual ity di fferences could be 
attributed to other factors be s ide s loading and cover . 
The t-te s t  s hows the south effluent to be superior in 
q ua l ity when compared to the north and middle ,
 whi ch i s  
comp_lementary w
i th direct observations o f  the analy
ti ca l  
data and trends during the investigation . Di f ference s in 
basin s o i l  type , variety of p lant growth on the bas ins 
and other unde fined factor s could have a f fected renovation 
proce s se s  in the soi l .  
5 5  
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SUMMARY AND CONCLUS I ONS 
A p i lot uni t  for the s tudy of inf i ltrat i on-perco lation 
l and t reatment o f  s tabi l i z ation pond e f f luent wa s cons tructed 
by re search personnel at South Dakota State Uni ve r s i ty during 
the 1 9 7 4  s ummer . During the 19 7 5  operati ona l period , 
Al s aker ( 8 ) determined that the pi lot system produced a 
treated water o f  high ly improved qua l i ty having s ome 
potenti a l  for meeting di scharge requirements . Con c l u s i ons 
a l so drawn in 1 9 7 5  inc luded the po s s i bi l i ty o f  s hort 
c ircuiting i n  the p i lot ba sins re s ulting in reduced 
treatment e ff i c iency . 
Remedial mea sures taken in 19 7 6  to correct the p o s s ible 
short c ircuiting inc luded thorough mixing of the north and 
south ba s in surf ace s and compaction direct ly over the drains 
in all b a s in s . The addition of a clay layer over the drai ns 
and add i ti ona l  c ompaction conc luded the ba s in preparati on .  
Elbows were attached to the samp le box dra i n  l i ne s re sulting 
in c omp lete i nundation of the drains . Removal of  the e lbows 
later in t he inve stigati on allowed inquiry into qual i ty and 
inf i l tration change s .  
We ekly f looding o f  the ba sins beginning on May 2 6  
re sulted in e xten s ive p lant deve lopment on a l l  ba s in 
surface s .  Preparation for winter operation requir
ed the 
mowing of the basins in early September . Conc l
usions 
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drawn during thi s inve st igation inc lude the fol lowing : 
1 .  Exce l lent removals o f  s tabi l i z at i on pond p o l lutants 
by the infi ltration-percolation basins were ach ieved in 1 9 7 6 . 
Tr eatment e f f i c ienc i e s  extended from 7 9  to 9 2  percent for 
BOD5 , 8 5  to 9 4  p ercent for SS , 8 0  to 9 1  percent for anunoni a 
nitrogen and 8 9  to 9 8  percent for fec a l  c o l i f orms . 
2 .  The pi lot- ba sin �enovated water showed a 6 . 3  
to 1 7 . 3 percent increase in spec i f ic conductance leve l s  
with re spect t o  the app l ied in fluent . Sub s tanti a l  
evapotran sp iration rate s and di s solution o f  minera l s  s uch 
a s  c a lc i um c arbonate probably contr ibuted to thi s  increase . 
3 .  The s o i l  matrix acted a s  a pH equa l i z at i on 
mec hani sm ,  and i nf luent pH leve l s  decre ased to value s in 
the e f f luent o f  6 . 9 to 7 . 6 .  
4 .  Di s so lved oxygen leve l s  o f  the renova ted water ,  
checked i n  Oc tober when the dra ins flowed par ti a l ly ful l , 
were greater than those obta ined in 1 9 7 5  when the drains 
remained i nundated . Air entrainment could have occurred 
a s  the renovated water flowed to the samp le box . 
5 .  The nutrient-rich influent to the bas in s  resulted 
in exten s ive p lant growth on the ba s in surface s  during the 
summer . Mowing of the basins in September appeared to 
coinc ide wi th increased BODS and 
SS concentrations in the 
renovated wate r . The presence of an organi c  mat on the 
b · f f mowi' ng may have affected the remova l a s in s ur ace rom 
mechan i sm .  
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6 .  The leve l s  of S S , ammonia nitrogen and fecal 
c o l i forms in the inf luent appeared to have a ffected the 
leve l s  in the north and middle basin e f f luent s . Corre lation 
c o e f f i c i ents computed for inf luent versus e f f luent leve l s  
a l so ind i c ated the poss ibi lity of continued short c ircuiting . 
7 .  The remova l of the elbows from the s ample box drain 
l in e s  a fter twe lve 'f looding cyc les did not immedi ate ly affect 
renovated water quality . Although qua l i ty c hange s occurred 
l ater , t he se c hanges could not neces sari ly be att r i buted to 
the e lbow remova l .  
8 .  Frequency dis tribution graphs p lotted wi th the 
va lue s obtained from BOD S
, SS , ammoni a  ni trogen and feca l 
c o l i form week ly analyse s revealed that the s outh e ff luent 
had the lowe s t c on s i s tent leve l of pol lutants of the three 
basin s . The s outh e f fluent complied wi th the Brookings 
secondary treatment dis charge requirement s wi th minor 
expections .  The north and middle effluents did not 
con si stent ly meet the ammonia nitrogen and feca l  c o l i form 
s tandard s . 
9 .  Ba sed on the paired t-test , the s outh bas in was 
more e ffective i n  removing BODS ' SS and
 ammoni a nitrogen 
than the north and middle bas ins . The s uperior t
reatment 
by the s outh basin may have been the consequen
ce o f  other 
factor s be side s  the higher hydraulic loadin
g and ini ti a l  
scar i fied surface .  Poss ibi l ities inc lude 
di f ference s  i n  
basin s o i l  type and variety of p lant growth on the bas in 
surface s .  
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1 0 . The infi ltration-percolation system p roved more 
e f fective in 1 9 7 6  than in 1 9 7 5 for remova l o f  pol lutants 
f rom the s tabi l i z ation pond e ff luent . Pro j ect construction 
in 1 9 7 6  appeared to have improved the qual i ty o f  the 
renovated wate r . 
J 
RECOMMENDATIONS 
The analy s i s  of data and resulting conc lus i on s  f rom 
the 1 9 7 6 operation o f  the infi ltration-perco lation p i lot 
p lant re sult in the following reconunendation s  for 
cons ideration : 
1 .  Annua l t i l l ing o r  the ba sin sur face s s houl d  be 
conti nued to a l low s o i l  aeration and to di srupt the 
formation of f low channe l s  caus ing short c ir cuiting . 
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2 .  Phy s ical removal of  bas in growth a fter mowing , or 
burning o f  the . growth in the l ate fall , s hould be practi ced 
so that an organic mat does not form on the bas i n  sur faces . 
3 .  Temperatures of  the bas in e f f luent s hould be 
moni tored during the s ampling because of the i r  import ance 
to ammoni a  toxi city and oxygen solubi lity . 
4 .  A more regular schedule of  mea suring di s so lved 
oxygen i s  needed to determine the ef fect o f  f l ow condition s  
i n  the drains o n  the d i s s o lved oxygen leve l s . 
5 .  Lowering o f  the drains would a llow longer trave l  
di s tance and detent ion time in the soi l for feca l co li form 
removal .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 . 
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Engineering , Water Quality Criteria i·9 7 2 , 
EPA-R3 - 7 3 - 0 3 3 ,  (March 1 9 7 3 ) . 
Amer ican Publ i c  Hea lth As soci ation , et al . , S tandard 
Methods for the Examination of  Water and Was tewater , 
1 4 th ed . , Wa shington D . C . , ( 19 7 5 ) . 
Ni trogen control ,  Environmental Prot�cti�n Age
ncy 
Tec hnology Tran s fer Seminar Publi cat
ion , 
( Oc tobe r  1 9 7  5 )  . 
3 0 . Wi l l ingham , Wi l l i am T . , Ammon ia Tox i c i ty , 
EPA- 9 0 8/3 - 7 6 - 0 0 1 ,  Control Tec hnology Branch , 
Water Divi s i on , U . S .  Environmenta l  Protection 
Agency , (February 1 9 7 6 ) . 
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3 1 .  Dickinson , John P . , Unpubli shed re se arch data , Mas ter 
of S c ience research , Civi l Engine er ing Department , 
South Dakota State University , Brookings , South 
Dakota , ( 19 7 6 ) . 
3 2 . " Technicon Auto Analy zer Industr i a l  Method 1 9 - 6 9W " , 
Techni con Corp . , Tarrytown , New York , ( 1 9 6 9 ) . 
3 3 .  He s l a ,  Lon , Unpub li shed re s earch dat a , Ma s ter o f  
Sc ience research , Civi l Engineer ing Department , 
South Dakota State Univers i ty , Brooking s , South 
Dakota , ( 1 9 7 6 ) . 
3 4 .  Lar s on , Alan L . , Inf i ltration-Perco lation Capac it ie s  
and Gr·oundwater· Table Inf l·u·enc·e· ·o·f ·a· High-Rate 
L·and Wa stewate·r Di spo·sal Sys tem , Mas ter o f  Sc ience 
The s is , South Dakota State Unive r s i ty , Brookings , 
South Dakota , ( 1 9 7 7 ) . 
3 5 .  Stee l ,  Robert G .  D . , and Torrie ,  Jame s H . , Princ iple s 
and Procedures o f  Stati s tics , McG raw-H i l l Boo k  
Company , New York , ( 1 9 6 0 ) . 
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Appe ndix  A 
Re s ul t s  of  BOD5 An a lys e s  
Flo odin g Influent  North Mid d l e  S ou th  Dra in  
Da t e  Con c en t ra t i on - mg/l 
Ma y 26 1 8 . 4  7 . 3 8 . 0  2 . 7 
Jun e l 17 . 7  1 1 . l  10 . 2  2 . 5 1 . 7 
8 27 . l  7 . 2 7 . 4  1 . 8 1 . 0  
15 19 . 6  4 . 3  4 . 4 1 . 8  1 . 0  
22 5 8 . 6  5 . 0  7 . 1 1 . 2 
29 4 2 . 2 6 . 4  5 . 8  0 . 6 
Ju l y  6 3 8 . 4  9 . 7  7 . 0 8 . 0  
1 3  34 . 4  3 . 4 3 . 4  1 . 6  
20 3 9 . 2  l . l l . 6 1 . 0  
27 14 . 7 l . 5 1 . 2  0 . 7  
Au g .  3 1 7 . 9  0 . 9  0 . 7 0 . 7 
10 20 . 3  2 . 4  2 . 3 2 . 1 
1 7  1 1 . 6 0 . 8  0 . 6  0 . 4 
24 10 . 5  0 . 7 l .  3 0 . 5 
S e pt . l 2 1 . 4  0 . 4  0 . 9  0 . 6 
8 5 . 0 l . 0 1 . 0 0 . 8  
1 5  4 . 6  4 . 7  2 . 1 0 . 8 
22 25 . 0  2 . 8 3 . 4  1 . 2 
29 23 . 0  4 . 0  6 . 2 2 . 0 
Oct . 6 22 . 8 4 . 6  6 . 7 1 . 7 
1 3  3 0 . 7  4 . 8 7 . 0 2 . 1 
20 4 1 . 0  4 . 0  7 . 7 2 . 2 
2 7  21 . 5  5 . 0 8 . 6  2 . 8 
N ov . 3 15 . 0  7 . 4 7 . 7 1 . 9  
9 27 . 2  6 . 8  9 . 9  3 . 1 
1 7  19 . 3  5 . 0  8 . 6  2 . 6  
21 - 2 2 1 7 . 8 4 . 1 6 . 8 
2 . 2 
6 6  
App end i x  A ( continu e d ) 
Re sul t s  o f  SS Ana l ys e s  
Fl o o d i n g  I n f l u e n t  Nort h Mi d d l e  S outh  Dra in  
Da t e  Con c entra t i on - mg/l 
Ma y 26 4 3 . 5  5 . 0  5 . 6  3 . 0  
Jun e  l 20 . 0  2 . 6  5 . 4  0 . 4  3 . 0  
8 24 . 8 2 . 2 2 . 0 1 . 8  7 . 4  
15 3 0 . 4  2 . 6- 2 . 6 3 . 0  2 . 8 
. 22 54 . 8  2 . 8 3 . 8  3 . 8  3 . 2  
29 20 . 8  2 . 4  2 . 6 2 . 4  3 . 0  
Ju l y  6 24 . 0  2 . 2 2 . 4  2 . 2 2 . 2 
1 3  20 . 0  0 . 8  1 . 6  1 . 8 1 . 6  
20 4 2 . 0 2 . 0 3 . 0  2 . 4  2 . 4  
2 7  3 3 . 2  1 . 8 2 . 0 1 . 2 1 . 6  
Au g .  3 6 7 . 2  6 . 4 4 . 6  6 . 0  4 . 8 
1 0  23 . 6  0 0 . 8  0 0 
1 7  3 8 . 8  1 . 8 2 . 8 2 . 4  3 . 0  
24 2 3 . 4  1 . 8  2 . 6 2 . 2 1 . 6 
S e pt . l 34 . 2  0 . 4  0 . 4  0 0 . 4  
8 1 5 . 8  l .  2 1 . 0 1 . 6  1 . 2 
1 5  1 7 . 8  4 . 0  2 . 6 0 . 9  1 . 2 
2 2  4 0 . 8  3 . 6  4 . 8 2 . 2 4 . 2 
29 4 5 . 2  6 . 0  1 1 . 2 2 . 6 1 . 9  
Oct . 6 5 9 . 6  8 . 6  10 . 8  3 . 4 0 . 6  
1 3  5 8 . 0  6 . 8 10 . 8  2 . 2 
20 7 1 . 0  6 . 4  13 . 6  3 . 6  
27 5 9 . 0  6 . 0  1 3 . 0  3 . 0  
Nov . 3 6 5 . 0  6 . 6  14 . 0 l .  2 
9 4 1 . 0  9 . 4  1 2 . 8 
2 . 6 
1 7  3 2 . 0 10 . 8  12 . 8 
5 . 0  
2 1 - 22 29 . 0  3 . 0  8 . 0 
0 . 7 
.J 
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Append i x  A ( cont inue d )  
Re s u l t s  o f  Ammon i a  Ni tro g e n  An a l ys e s  ( 3 1 ) 
Fl o o d i n g  I n f l u e n t  Nort h Mi d d l e  S ou t h  Drain  
Dat e  Con c en tra t i on - mg/l 
Ma y 26 6 . 80 1 . 27 O o 7 3 0 . 3 5 0 . 38 
Jun e  l 9 . 00 2 . 80 l . 6 7 0 . 4 8 0 . 3 2 
8 1 0 . 9 0  2 . 3 6 l .  23 0 . 3 8 o .  24 
1 5  1 0 . 6 5  l .  69- 0 . 74 0 . 3 1 0 . 1 3 
22 1 3 . 5 0  2 . 1 8 1 . 6 8 0 . 44 0 . 1 3 
29 15 . 5 0 2 . 5 8 l .  72 0 . 34 0 . 0 8 
Jul y  6 1 2 . 1 8 2 . 4 3 l . 34 1 .. 84 0 . 1 1 
1 3  8 . 5 5 1 . 39 0 . 64 0 . 5 8 0 . 1 6 
20 3 .  20 0 . 59 0 . 28 0 . 7 3 0 . 06 
27 2 . 10 0 . 49 0 . 28 0 . 27 0 . 0 6 
Aug .  3 1 . 7 0 0 . 4 7 0 . 1 3 0 . 3 3 0 . 06 
1 0  0 . 85 0 . 5 3 0 . 1 7 0 . 3 7 0 . 0 7 
1 7 1 . 3 5 0 . 5 0 0 . 14 0 . 24 0 . 0 3 
24 0 . 08 0 . 2 2 0 
S e pt . l 2 . 4 1  0 . 7 2 0 . 54 0 . 9 3 0 . 4 7 
8 1 . 8 1 1 . 23 0 . 85 1 . 19 0 . 7 3 
1 5  2 . 9 2  0 . 27 0 . 23 0 . 3 8 0 . 04 
22 3 . 9 5 1 . 03 1 . 0 8 0 . 4 3 0 . 0 7 
29 3 . 65 0 . 72 0 . 5 3 0 . 6 1 0 . 28 
Oct . 6 2 . 6 5 0 . 79 0 . 64 0 . 6 7 0 . 86 
1 3  4 .  2 0  0 . 8 3 0 . 9 2 0 . 64 0 . 14 
20 7 ., 6 2 1 . 3 2 1 . 94 0 . 8 2 
27 8 . 7 0 2 . 24 3 . 7 3 1 . 5 2 
Nov . 3 9 . 5 2 2 . 0 7 3 . 4 6 0 . 6 7 
9 1 2 . l l  1 . 9 3 3 . 29 0 . 8
4 
1 7  1 5 . 1 2  3 . 15 5 . 4 6 0
. 7 7 
2 1 - 22 1 8 . 76 2 . 5 2 4 . 4 8 
0 . 64 
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App e n d i x  A ( c ontinued ) 
Re su l t s  o f  pH Ana l ys e s  
Fl o o d ing In f lu e n t  North Mid d l e  S ou t h  Dra in  
Da t e · Con c entra t i on - pH un it s 
Jun e  l 8 . 22 7 . 3 8 7 . 40 7 . 3 2 7 . 4 3 
8 7 . 80 7 . 25 7 . 3 0 7 . 4 5 7 . 3 8 
1 5  8 . 0 1 7 . 4 2 7 . 3 5 7 . 4 1 7 . 4 7 
2 2  8 . 1 1 7 . 4 0 7 . 4 6 7 . 4 0 7 . 6 1 
29 7 . 9 8 7 .  3 0- 7 . 29 7 . 20 7 . 4 1  
Ju ly  6 8 . 1 8 7 . 1 1 7 . 20 7 . 1 0  7 . 3 0 
1 3  8 . 34 7 . 1 3 7 . 18 7 . 0 5 7 . 3 0 
20 8 . 8 7 7 . 1 7 7 . 1 2 7 . 1 2 7 . 3 2 
2 7  9 . 16 7 . 1 8 7 . 2 2 7 . 1 3 7 . 3 5 
Aug .  3 9 . 1 2 7 . 14 7 . 3 1 7 . 1 8 7 . 34 
1 0  9 . 0 1 7 . 1 8 7 . 3 1 7 . 1 2  7 . 4 2 
1 7  8 . 5 3 7 . 1 3 7 . 3 1 7 . 1 0  7 . 3 8 
24 8 . 5 1 7 . 1 2 7 . 4 6 7 . 1 2 7 . 4 3 
S e pt . l 8 . 5 0 7 . 4 1 7 . 4 8 7 . 4 1  7 . 3 0 
8 8 . 0 6 7 . 15 7 . 3 2 7 . 15 7 . 4 5 
1 5  8 . 40 6 . 94 7 . 1 3 6 . 9 0 7 . 1 9 
2 2  8 . 3 0 6 . 9 5 7 . 20 6 . 9 5 7 . 23 
29 8 . 7 2 7 . 3 9 7 . 5 0 7 . 28 7 . 5 0 
Oct . 6 8 . 7 8 7 . 28 7 . 5 0 7 . 24 7 . 5 0 
1 3  8 . 6 5 7 . 3 1 7 . 5 8 7 . 2 1 7 . 54 
20 8 . 3 0 7 . 26 7 . 5 2 7 o 3 2 
2 7  7 . 98 6 . 9 2 7 . 27 6 . 9 3 
Nov . 3 8 . 20 7 . 25 7 . 5 8 7 . 3 2 
9 7 . 80 7 . 22 7 . 5 1 7 . 2 3 
1 7 8 . 0 6 7 . 3 1 7 . 6 1 7 . 3 0 
2 1 - 2 2  8 . 0 2 7 . 3 3 7 . 5 7 7 . 3 0 
Append i x  A ( c on t i nu e d ) 
Re s u l t s  o f  F e c a l  Col i f o rm An a l y s e s { 33 )  
Date/Time In f lu e n t  North  Midd l e  S o u t h  Dra i n  Da t e/T ime I n f l u e n t  N o r t h  M i dd l e  Sou t h Dra i n  
Con c e n t r a t i on - o r g a n i sms/lOOml Con c e n t ra t i on - o rg a n i sms/lOOml 
J u l y  1 3 - 14 Aug .  24 - 25 
1 7 30 - - - 3 6 - - - 0 14 3 0  - - - 300+ 300+ 6 2  
2 24 �) - - - 0 5 8 0 0 1750 300+ 300+ 300+ 55 
064 5 - - - 2 1  0 0 3 8  2235 300+ 2 2 7  3 4  2 7  
1 0 3 0  - - - 0 - - - . l 0 0645 100 4 2  3 6  100 
0900 948+ - - - - - - - - - - - -
J u l y  20- 2 1  0 9 25 149 - - - 60 4 0  
14 00 - - - - - - 5 - - - - - -
1755 - - - 5 3 2 0 S e pt . 1 - 2  
2245 - - - 7 10 0 0 1 3 35 - - - 284 144 4 
0655 - - - l 2 l 2 1650 300 600+ 64 8 
1020 - - - 0 - - - 0 0 2235 1 2 2  164 58 0 
0640 164 50 94 8 
J u l y  2 7 - 28 1000 3 14 20 - - - 54 
1440 - - - - - - 290 
1 7 10 - - - 3 8 3  0 23 6 S e p t . 8 - 9  
2 2 4 0  - - - 8 7  55 284 120 1350 - - -; 4 34 1 7 6  0 
064 0 - - - 387 2 3 1  4 3  76 1 645 152 638 206 2 
1 0 20 - - - 6 3 1  - - - 2 3  2 2 240 14 2 5 2 2 1 24 0 
0650 106 50 1 2 2  0 
Au g .  3 -4 1 0 10 2 7 2  1 16 4 2  5 0  0 
14 4 0 - - - - - - THTC* 1 1 3  - - -
1745 - - - THTC* 8 3  THTC* THTC* S e p t , 16 - 1 7  
2 240 - - - 0 1 75 3 7  207 1400 - - - 1 1 5 2  1 8 2  8 
0640 - - - 78 39 5 8  THTC* 16 15 620 1536 24 8 20 
1030 - - - 0 - - - 101 THTC* 2250 600+ 1 2 6 0  2 2 6  56 
0640 600+ 744 4 1 8  4 
Aug . 10- l l  0930 600+ - - - 3 2 8  5 3 
1 3 30 - - - - - - 8 9  - - - - - - 0945 1 200+ 
1635 - - - 163 0 5 3  16 
2235 - - - THTC* 86 - - - THTC* S e pt . 2 2 - 23 
064 0 - - - 68 2 1  THTC* l 1345 - - - 2384 24 8 12 1050 - - - 0 - - - 0 15 1645 1456 2 1 1 2  4 0  0 
2245 - - - 6 8 8  16 0 
Au g .  1 7 - 18 0650 1 344 96 1 6  4 1405 - - - 1 0 2  2 35 0830 1 4 24 - - - 24 0 
1625 7 2  - - - 2 1  22 0930 . 2864 
2255 108 0 - - - 3 
064 0 0 3 45 17 
1030 129 0 5 33 l 




S c p t . 29 - 3 0 
1 4 25 
1 6 1 5 
2 2 3 5  
0 6 '.) 5  
0 9 3 0  3 1 20 












0945 6 1 20 
O c t . 20- 2 1  




09 1 0 
0920 14420 





09 15 1 2040 
Append i x  A ( c o n t i n u ed ) 
Re s u l t s  o f  F e c a l  Col i f o rm An a l y s e s ( 3 3 ) 
North M i d d l e  S o u t h  Dra i n  D a t e/T ime l n f  l u e n t  N o r t h  Mi d d l e  S o u t h  
Con c e n t ra t i o n  - o rg a n i sms7lOOml Con c e n t ra t i on - o r g a n i sms/lOOml 
Nov . 3 - 4  - - - 1360 2 20 0 1 320 - - - 80 
5 20 960 50 0 1550 80 80 4 0  
780 204 0 20 0 2250 320 320 0 
960 1 20 30 2 06�0 4 0  80 20 
7 20 - - - 30 4 0 9 1 0  1000 160 - - - 20 
Nov . 9 - 1 0  
- - - 2 1 20 160 - - - 1 3 1 0  - - - 1 8 0  
1 8 20 1820 84 l 1550 320 200 80 
1660 1500 96 0 2 24 5  280 40 40 
lSOO - - - 88 2 0645 240 60 20 
1 7 20 - - - 60 l 0905 680 - - - 40 
09 15 4 000 
- - - 1800 306 - - - N ov . 1 7 - 1 8  
920 16 80 1 3 8  0 1 3 30 - - - 4 1 00 
680 800 46 0 1520 - - - 3520 836 
240 - - - 5 8  0 2 250 1 74 0  1680 44 
1520 - - - 30 l 0700 1 14 0  - - - 1 24 - - - - - - - - - - - - 0 9 1 0  3 260 - - - 1 1 6  
0925 4900 
- - - 6900 - - - - - - Nov . 2 1 - 2 3  
1660 4 14 0  4 6 2  - - - 1 9 20 - - - 364 0 
2600 4 540 4 20 - - - 2 2 1 5  - - - 3 1 20 1 1 2  
2540 29 20 4 10 - - - 1 300 - - - 3 6 0  - - -
2940 - - - 164 - - - 1 6 3 5  0 880 136 
- - - - - - - - - - - - 2255 600 2520 56 
0700 1 3 6 0  1 9 2 0  6 4  
1 4 5 0  4000 900 3 1 6 0  1 2 8  - - - 5400 2500 
920 3 880 2530 
1680 2960 580 
1960 184 0  340 
2080 - - - 490 
Dra i n  
...,J 
0 
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Appe nd ix A ( c o n t i nued ) 
Re s u l t s o f  S p e c i f i c  Co ndu c t a n c e  An a ly s e s  
F l o o d i n g  I n f l u e n t  No rt h  Midd l e  S ou t h  Dra i n  
Da t e  Cond u c t a n c e  - rni cromho s p e r  c e n t ime t e r  
Ma y 26 1 5 8 8  1 8 3 8  1 8 3 3  1 8 1 8  
June  l 1 7 1 0  1 8 1 8  ·- 1 8 2 8  1 8 28 1 8 18 
8 1 8 23 1 9 6 0  1 9 6 0  1 9 7 0  1 8 82 
1 5  1 8 1 3  1 9 3 6  1 9 5 0  1 9 8 9  1 8 82 
2 2  1 7 10 1 84 7 1 9 0 1 1 89 1 1 8 7 2  
29 1 8 5 2 1 9 70 1 9 7 0  205 8 1 9 94 
July 6 1 8 0 8  1 9 80 1 9 7 0  2 0 7 3  2 0 24 
1 3  1994 2 1 76 2234 2 3 5 2 2 239 
20 
27 
Au g .  3 
1 0  
1 7  1 8 5 0  20 29 2080 220 2 20 9 5  
24 1840 2167 2044 2 3 3 0  2 1 9 7  
S e pt . l 1794 2 1 24 1 9 6 9  2 2 9 9  2 1 6 5  
8 1 74 2  2 1 0 8  1 9 5 9  2 2 6 8  2083 
15 1 7 1 1  2 1 14 1 8 3 5  23 7 1  2 15 5  
2 2  1 7 5 3  2 1 24 1 9 64 2 3 7 1  2 1 5 5  
2 9  1 7 7 8  2 1 29 1 7 6 3  2 1 75 2 2 3 7  
O c t . 6 1 7 3 7  205 2  1 8 8 2  235 1 2 1 08 
1 3  1 722 20 7 2  1 7 2 2  23 7 1  2 24 8 
20 1 8 1 5  2 1 0 8  1 74 8  2279 
27 1 8 1 5  2098 1 8 76 2 2 2 7  
Nov . 3 1 7 84 206 2 1845 2227 
9 1 8 15 1 9 0 0  1 8 26 1 9 6 8  
1 7  1 8 15 2 0 24 1 8 8 3  2 1 2 1  
2 1 - 2 2  1 8 7 1  2 1 14 1 8 8 7  2 2 1 1  
A p p e n d i x  B .  C o r r e l a t i o n o f  Qu a l i t y  Pa r a m e t e r  Va r i a b l e s ( 35 ) . 
P a r a m e t e r  
BOD5 
S S  
Amm o n i a  
N i t r o g e n  
F e c a l  
C o l i f  o rm s  
S p e c i f i c  
C o n d u c t a n c e  
V a r i a b l e s  
Co r r e l a t e d 
I n f l u e n t  x N o r t h  
I n f l u e n t  x M i d d l e  
I n f l u e n t  x S ou t h  
I n f l u e n t  x N o r t h  
I n f l u e n t  x M i d d l e  
I n f l u e n t  x S ou t h  
I n f l u e n t  x N o r t h  
I n f l u e n t  x Mi dd l e  
I n f l u e n t  x S o u t h  
I n f l u e n t  x N o rth 
I n f l u e n t  x Mi d d l e  
I n f l u e n t  x S ou t h  
Numb e r  o f  













I n f l u e n t  x No r t h  22 
I n f l u e n t  x M i d d l e  22 
I n f l u e n t  x S o u t h  22 
C o r r e l a t i o n 
C o e f f i c i e n t  r 
0 . 24 
0 . 35 
0 . 26 
0 . 5 9** 
0 . 6 8** 
0 . 5 3** 
0 . 9 1** 
0 . 69** 
0 . 18 
0 . 7 8** 
0 . 89** 
0 . 5 0 
0 . 4 5 *  
0 . 65** 
0 . 3 1 
S ign i f i c a n t  Va l u e s  
0 . 05* 0 . 01** 
0 . 3 8 1  0 . 4 8 7  
0 . 3 8 1  0 . 4 8 7  
0 . 3 8 8  0 . 4 9 6  
0 . 5 14 0 . 64 1  
0 . 4 1 3 0 . 5 26 
* I n d i c a t e s  s i g n i f i c a n c e  a t  t h e  0 . 05 l e v e l  ** I n d i c a t e s s i g n i f i c a n c e  a t  t h e  0 . 0 1 . l e v e l  
-...J 
I\.) 
Ap p e n d i x  C .  Pa i r e d  t - T e s t  f o r  Compa r i n g  t h e  Qu a l i t y  o f  t h e  R e n ov a t e d Wa t e r  ( 3 5 ) . 
P a rame t e r  Compa r i s o n � L: d 2 _g_ s-d d .  f .  _t_ 
BOD5 S o u t h  a n d  64 . 9  2 8 1 . 0 5  2 . 5 0 0 . 4 28 25 5 . 84** 
N o r t h  B a s i n s  
S ou t h  a n d 8 3 . 4  446 . 0 0 3 . 2 1 O o 5 24 25 6 . 1 3 ** 
M i d d l e  B a s i n s  
S u s p e n d e d  S o u t h  a n d 4 3 . 3  209 . 8 9 l . 6 7 0 . 4 6 0  25 3 . 6 3** 
S o l i d s  N o r t h  B a s i n s  
i 
S o u t h  a n d 8 8 . 7  7 7 7 . 5 7 3 . 4 1  0 . 8 5 5  2 5  3 . 9 9** 
M i d d l e  B a s i n s  
Ammo n i a  S o u t h  a n d 19 . 3  3 1 . 3 7  0 . 74 Q . 1 6 2  25 5 . 1 0** 
N i t r o g e n  N o r t h  B a s i n s  
S o u t h  a n d 1 7 . 3  4 9 . 15 O o 6 9 0 . 24 8  24 2 . 79** 
M i d d l e  B a s i n s  
** I n d i c a t e s  s i g n i f i c a n c e  a t  t h e  0 . 0 1 l e v e l  
-.....] 
w 
